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Although  sanitary  authorities  are  more  or  less  ac- 
quainted with  the  various  systems  employed  for  the 
treatment  of  water-carried  sewage,  they  are  generally 
perplexed  when  they  have  to  apply  their  knowledge 
to  the  place  under  their  immediate  care,  and  frequently 
find  that  it  is  proposed  to  employ  a  system,  unsuit- 
able to  the  special  circumstances  of  the  case,  on  the 
ground  that  the  same  plan  has  succeeded  at  another 
place  where  the  surrounding  conditions  were  peculiarly 
favourable  to  it,  but  which  are  wanting  in  the  locality 
under  consideration.  Such  a  course  has  led  to  an  in- 
crease of  the  rates,  which  might  have  been  avoided 
if  some  of  the  simplest  rules  which  govern  the  case 
had  not  been  disregarded.  This  arises  less  through 
pure  ignorance  than  through  the  advocates  of  a  par- 
ticular system  having  gained  sufiicient  influence  to  carry 
out  their  hobby  irrespective  of  such  rules. 

The  present  appears  to  be  a  suitable  time  to  take 
stock  of,  and  to  record  impartially,  what  has  been  done 
in  regard  to  the  treatment  of  water-carried  sewage,  and 
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to  reduce  to  a  practical  and  useful  form  the  mass  of 
information  and  experience  that  is  now  available. 

The  importance  of  this  subject  is  now  well  recog- 
nised throughout  the  country,  both  in  its  sanitary  and 
financial  aspects ;  and  although  it  is  surrounded  with 
difficulties,  these  have  been  produced  to  a  great  extent 
by  the  pertinacity  with  which  the  broad  scientific  prin- 
ciples which  apply  to  sewage  treatment  have  been,  and 
are  still,  disregarded. 

In  1874  the  Corporation  of  Eochdale  collected,  and 
published  in  a  tabular  form,  what  had  been,  and  what 
was  being,  done  by  other  towns.  During  the  session  of 
1875  a  return  of  a  similar  kind  was  called  for  in  the 
House  of  Lords  by  Lord  Eosebery,  and  it  was  pub- 
lished in  March  of  the  following  year. 

Almost  simultaneously  with  this  action  on  the  part 
of  Lord  Eosebery,  the  Society  of  Arts  held  a  Conference 
on  the  Health  and  Sewage  of  Towns,  in  May  1876,  the 
results  of  which,  embracing  much  useful  information, 
have  been  embodied  and  published  in  the  form  of  a 
pamphlet. 

The  report  of  a  Committee  appointed  in  June  1875, 
by  the  Local  Government  Board  to  enquire  into  the 
several  modes  of  treating  town  sewage,  has  recently 
appeared,  and  a  considerable  amount  of  information 
has  been  collected  by  this  Committee. 

Valuable  as  is  the  matter  brought  together  in  these 
pubhcations,  it  is  not  in  a  form  which  can  be  utilized  by 
sanitary  authorities. 

The  object  of  this  work  is  to  review  and  to  arrange 
concisely  the  results  thus  obtained,  and,  aided  by  the 
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autliors'  own  experience  on  the  subject,  to  draw  con- 
clusions for  the  guidance  of  those  who  have  to  deal  with 
the  purification  of  water-carried  sewage. 

HENEY  ROBINSON, 
JOHN  CHARLES  MELLISS. 

7  Westminster  Chajibees,  London,  S.W. 
A-pril  1877. 
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PART  I.— GENERAL  CONCLUSIONS. 

Water-carried  sewage  (which  is  the  refuse  of  communities 
conveyed  by  the  aid  of  water)  varies  both  in  quantity 
and  quality  with  the  density  of  the  population,  the  number 
of  water-closets  in  use,  the  volume  of  water  supplied  to 
the  inhabitants,  the  number  and  nature  of  the  manufac- 
tories which  drain  into  the  sewers,  the  amount  of  subsoil 
water  which  leaks  into  them,  and  the  proportion  of  rain 
or  surface  water  which  is  admitted  into  them. 

It  will  doubtless  become  desirable  in  time  to  classify 
different  qualities  of  sewage,  but  for  the  present  it  is 
sufficient  to  consider  it  under  the  heads  of  domestic  and 
manufacturing,  the  former  implying  the  absence  of  manu- 
facturing refuse,  which  is  present  in  the  latter.  Water- 
closets  do  not  add  very  much  to  the  volume  of  sewage, 
inasmuch  as  a  water-closet  contributes  only  about  five  or 
six  gallons  daily;  but  their  use  increases  the  value  of 
sewage,  as  the  average  annual  value  of  the  excreta  of  a 
human  being  has  been  computed  at  10s. 

It  has  been  proposed  to  diminish  the  amount  of 
sewage  dilution  by  adopting  a  duplicate  set  of  sewers,  one 
for  sewage  proper,  the  other  for  rain  and  storm  water ; 
but  the  advantages  of  this  plan  appear  chiefly  where 
sewage  is  disposed  of  by  irrigation,  and  where  it  is  abso- 
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lutely  necessary  to  lift  it  by  pumping.  For  irrigation 
it  appears  desirable  to  have  sewage  as  concentrated  as 
possible  ;  but  when  pumping  is  unnecessary  the  dilution 
of  sewage  within  certain  limits  is  not  detrimental,  as 
the  subdivision  of  sohd  matter  by  an  admixture  of  water 
brings  it  into  a  better  condition,  for  chemical  treatment. 
A  duplicate  or  separate  system  would  involve  a'  greater 
cost  than  a  single  system,  whether  it  be  in  a  town  already 
sewered,  or  in  one  about  to  be  sewered.  A  separate 
system  would  exclude  from  the  sewers  street  and  road 
washings  which,  especially  after  dry  weather,  are  unfit  to 
be  admitted  into  streams.  It  would  also  prevent  that 
natural  flushing  of  sewers  and  branch  drains  by  a  heavy 
rainfall,  by  which  solid  accumulations  are  removed. 

A  careful  investigation  of  the  various  systems  for 
treating  sewage  leads  to  the  conclusion  that  water-carried 
sewage  has  never  yet  yielded  a  profit,  when  all  things 
are  taken  into  consideration,  and  that  it  is  a  nuisance  that 
must  be  got  rid  of  at  the  expense  of  ratepayers,  or,  as 
recently  remarked  by  Sir  Henry  Cole,  K.C.B.,  'towns 
must  pay  to  be  clean.'  Local  authorities  have  to  pay  for 
the  efficient  purification  of  their  sewage,  taking  care  to 
adopt  a  system  suitable  to  their  special  circumstances,  by 
which  that  cost  may  be  minimised. 

The  Executive  Committee  of  the  Society  of  Arts  Con- 
ference, in  1876,  arrived  at  the  conclusion,  'That,  as  a 
rule,  no  profit  can  be  derived  at  present  from  sewage 
utilisation.  For  health's  sake,  without  consideration  of 
commercial  profit,  sewage  and  excreta  must  be  got  rid  of 
at  any  cost.' 

Mr.  Eawhnson,  C.B.,  C.E.,  in  speaking  at  that  Con- 
ference, said  :  '  To  come  back  to  the  several  modes  of  deal- 
ing with  sewage,  towns  should  look  not  to  profit,  but  to 
the  cheapest  mode  of  dealing  with  it.  After  investiga- 
ting all  the  best  methods,  he  knew  of  none  by  wliich 
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a  town  would  be  benefited  commercially  by  dealing  with 
its  sewage.  These  things  being  so,  the  result  was,  that 
precipitation,  where  you  could  not  possibly  get  land  for 
irrigation,  was  the  best  process,  not  to  make  profitable 
manure,  for,  in  his  opinion,  profit  was  not  to  be  made 
out  of  the  matter  deposited  from  sewage  ;  at  all  events, 
he  knew  of  no  process  that  came  within  any  range  of 
profit.  He  had  analyses  from  Dr.  Voelcker  of  samples 
of  sewage  mud  taken  from  several  towns,  and  in  no 
instance  did  he  give  the  value  with  the  chemical  ingre- 
dients, as  far  as  he  recollected,  at  20s.  per  ton ;  and  it 
must  be  remembered  that  he  made  his  analyses  by  drying 
the  manures  which  he  had  tested  to  an  extent  greater 
than  was  ever  done  in  practice.  Whether  farmers  would 
give  that  sum,  205.  per  ton,  he  was  not  prepared  to  say  ; 
but  there  was  this  great  fact  staring  one  in  the  face, 
that  whatever  the  value  of  the  manure  might  be,  it  did  not 
find  a  ready  sale.  When  he  was  at  Eochdale,  he  saw 
thousands  of  tons  which  the  farmers  would  not  take  away. 
It  was  evident,  therefore,  that  whatever  the  value  might 
be,  at  the  present  time  the  price  asked  did  not  ofier  suffi- 
cient inducement  for  farmers  to  buy  it.  Towns,  there- 
fore, must  be  content  to  clarify  their  sewage  at  the 
expense  of  the  rates.' 

Water-carried  sewage  should,  in  order  to  secure  proper 
sanitary  results,  be  dealt  with  within  twenty-four  hours 
of  its  formation,  as  after  that  period,  decomposition  sets 
in,  offensive  and  dangerous  gases  are  generated,  and  its 
defecation  is  more  difficult.  This  is  referred  to  in  the 
Eeport  of  the  Local  Government  Board  Committee  in 
1876,  p.  xiv.  It  was  also  pointed  out  by  Dr.  Hofmann, 
who  said,  in  giving  evidence  before  a  Select  Committee 
on  Sewage  of  Towns,  in  1862:  'The  offensiveness  of 
sewage  will  depend  of  course  upon  the  season  of  the  year* 
but  on  the  whole  I  believe  that  those  who  examine 
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sewage  at  the  outfall  of  a  sewer  for  the  first  time, 
will  be  surprised  at  the  comparatively  inoffensive  cha- 
racter which  it  presents;  it  is  only  after  some  time, 
when  kept  in  cisterns,  in  a  state  of  stagnation,  that  it 
becomes  offensive.'  Professor  Way  at  the  same  time  re- 
marked, '  Sewage  is  a  large  quantity  of  liquid  which  must 
be  disposed  of  day  by  day,  as  it  will  not  admit  of  accu- 
mulation.' This  shows  that,  excepting  where  some  pro- 
cess is  used  for  the  purpose  of  defecating  the  sewage, 
the  plan  of  storing  it  in  or  passing  it  through  depositing 
tanks  is  objectionable.  It  may  be  found  convenient 
and  economical  to  store  Sunday  and  night  sewage,  but 
whatever  mode  of  treatment  is  adopted,  it  should  involve 
dealing  with  the  sewage  before  decomposition  sets  in. 

Pumping  should  be  avoided  as  much  as  possible  on 
account  of  the  cost,  and  where  unavoidable,  should  be 
reduced  to  the  smallest  possible  limits.  It  is  chiefly  neces- 
sary where  irrigation  is  adopted,  as  in  many  cases  a 
considerable  hft  and  horizontal  distance  are  required  to 
command  the  necessary  land.  Where  precipitation  is 
employed,  pumping  as  a  rule  is  either  unnecessary,  or  a 
lift  of  only  a  few  feet  wiU  suffice. 

The  presence  of  manufacturing  refuse  adds  to  the  cost 
of  dealing  with  sewage,  but  local  authorities  now  have 
the  power  under  the  Elvers'  Pollution  Act  to  meet  the 
expense  thus  incurred  by  requiring  manufacturers  to  pay 
for  putting  their  refuse  into  the  sewers.. 

Litigation  is  almost  certain  to  occur  where  large  areas 
of  land  are  required  for  irrigation  purposes,  as  opposition 
arises  which,  although  founded  only  on  a  sentimental 
objection,  has  to  be  met. 

Ten  years  ago  the  Elvers'  Pollution  Commissioners 
pointed  out,  in  their  second  Eeport,  1867,  the  danger  of 
litigation,  and  said  in  reference  to  the  Valley  of  the 
Lee : — 
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'  The  Lee  exemplifies  the  evils  inevitably  entailed  by 
absence  of  river  government.  Left  without  control, 
towns  naturally  take  advantage  of  running  water  to  get 
rid  of  their  sewage,  regardless  of  the  fact  that  the  process 
is  simply  a  transfer  of  the  nuisance  from  themselves  to 
their  neighbours  lower  down  the  stream ;  litigation  fol- 
lows ;  but  Utigation  besides  being  expensive  and  breeding 
ill-will  is  unsatisfactory.  Courts  of  law  are,  in  fact,  in- 
competent to  deal  with  the  difficulty,  and  too  frequently 
the  party  proceeded  against  may  not  possess  either  the 
legal  power  or  the  pecuniary  means  to  provide  by  per- 
manent works  a  good  and  sufficient  remedy.  The  town 
authorities  of  Luton  are  under  a  perpetual  injunction  ob- 
tained against  them  by  a  wealthy  landed  proprietor  in 
the  neigboiu-hood,  which  prohibits  them  from  casting 
their  sewage  into  the  river  unless  it  has  been  first  treated 
by  lime.  The  people  of  Luton  h^ve  carried  out  the  in- 
junction strictly,  and  have  remained  safe.  The  New 
Eiver  Company,  which  subjects  the  Hertford  sewage 
to  the  same  process,  and  in  a  still  more  careful  manner, 
is  nevertheless  complained  of  and  threatened  with  liti- 
gation by  the  authorities  of  Ware.  But  in  both  cases 
the  result  is  the  same ;  large  sums  are  annually  spent  in 
vain,  the  effluent  water  remains  to  all  pm-poses  sewage, 
and,  except  to  the  eye,  the  Lee  receives  both  from 
Luton  and  Hertford  almost  as  much  sewage  pollution 
as  if  that  process  had  never  been  performed.  In  point 
of  fact,  if  a  river  is  really  foul,  it  is  safer  that  it  should 
look  so.' 

Hitherto,  the  sewage  question  has  been  made  the  sub- 
ject of  jealous  rivalry  on  the  part  of  enthusiasts  endeavour- 
ing to  carry  out  either  irrigation  or  precipitation  under  all 
conditions.  It  is  now  clearly  established  that  each  place 
must  be  dealt  with  according  to  the  circumstances  peculiar 
to  it,  and  that  it  is  unsafe  to  conclude  that  because  some 
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plan  of  sewage  disposal  has  succeeded  in  one  district, 
it  is  equally  certain  to  succeed  in  another.  This  was 
pointed  out  in  1876  by  the  Executive  Committee  of  the 
Society  of  Arts  Conference,  thus :  '  It  was  conclusively 
shown  that  no  one  system  for  disposing  of  sewage  could 
be  adopted  for  universal  use;  that  different  locahties 
requu-e  different  methods  to  suit  their  special  pecu- 
liarities.' 

The  best  way  of  dealing  with  water-carried  sewage 
of  villages  adjoining  each  other  is,  when  possible,  to 
unite  several  together  for  sewerage  and  sewage  purposes 
with  works  common  to  each  group. 

It  is  incorrect,  as  is  sometimes  alleged,  that  sewage  is 
capable  of  being  purified  by  the  flow  of  the  river  into 
which  it  is  cast,  because  the  solid-  matter  becomes  de- 
posited, and  in  the  summer  and  dry  seasons,  causes  a 
nuisance.  This  is  evidenced  by  the  carefully  conducted 
experiments  recorded  in  the  first  Eeport  of  the  Eivers' 
Pollution  Commissioners,  pp.  18  to  22. 

Although  experience  in  treatment  of  sewage  by  pre- 
cipitation is  not  so  extensive  as  that  by  irrigation,  and 
although  the  false  expectations  that  were  held  out,  as  to  the 
value  of  the  resulting  manure,  have  greatly  retarded  pro-' 
gress,  yet  sufficient  advancement  has  now  been  made  to 
show  that  an  efficient  precipitation  process  will  sufficiently 
defecate  and  purify  sewage  for  admission  into  streams, 
that  it  can  be  carried  on  without  nuisance,  and  that  a 
resulting  manure  can  be  produced  which  has  a  market 
value  (according  to  Dr.  Voelcker,  F.E.S.),  somewhat 
above  that  of  farmyard  manure.  Further,  that  the  puri- 
fication of  water-carried  sewage  by  this  means  can  be 
effected  at  a  cost  to  compare  favourably  with  the  average 
cost  of  disposing  of  it  by  land  alone. 

In  reference  to  this  mode  of  treating  water-carried 
sewage,  the  Eivers'  Pollution  Commissioners,  in  1858, 
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came  to  the  foUowing  conclusion :—' That  considered 
merely  as  the  means  of  mitigating  a  nuisance,  these  pre- 
cipitating processes  are  satisfactory,  that  the  cost  of  them 
in  any  case  is  such  as  town  populations  may  reasonably 
be  called  upon  to  meet;  that  the  necessary  works  need 
not,  if  properly  conducted,  be  a  source  of  nuisance,  and 
that  by  modifications  of  the  existing  methods,  even  the 
shghtest  risk  of  nuisance  may  be  entirely  obviated,'  and 
this  opinion  is  endorsed  by  the  Local  Government  Board 
Committee  in  their  Eeport  of  1876,  pp.  116,  121. 

The  Executive  Committee  of  the  Society  of  Arts  Con- 
ference also  arrive  at  the  following  conclusions  : — '  With 
regard  to  the  various  processes  based  upon  subsidence, 
precipitation,  or  filtration,  it  is  evident  that  by  some  of 
them  a  sufficiently  purified  effluent  can  be  produced  for 
discharge,  without  injurious  result,  into  water-courses  and 
rivers  of  sufficient  magnitude  for  its  considerable  dilution ; 
and  that  for  many  towns,  where  land  is  not  readily  ob- 
tainable at  a  moderate  price,  those  particular  processes 
afford  the  most  suitable  means  of  disposing  of  water- 
carried  sewage.  It  appears,  further,  that  the  sludge  in  a 
manurial  point  of  view  is  of  low  and  uncertain  commer- 
cial value ;  that  the  cost  of  its  conversion  into  a  valuable 
manure  will  preclude  the  attainment  of  any  adequate 
return  on  the  outlay  and  working  expenses  connected 
therewith,  and  that  means  must  therefore  be  used  for 
getting  rid  of  it  without  reference  to  possible  profit.' 

Manures  produced  from  water-carried  sewage  by 
precipitation  processes,  where  a  considerable  amount  of 
useless  matter  (in  a  manurial  sense)  is  added  with  the 
chemicals  employed  in  treating  the  sewage,  are  almost 
valueless ;  but  where  the  materials  used  in  the  process  are 
small  in  bulk  and  increase  rather  than  diminish  the  worth 
of  the  manure,  it  has  a  moderate  value.  Dr.  Voelcker,  in 
the  Eeport  on  the  Birmingham  Sewage  Inquiry  in  1871, 
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says,  at  p.  47  :  '  The  smaller  the  amount  of  foreign  matter 
having  little  or  no  fertilising  value  which  is  introduced 
into  the  deposit,  the  greater  the  chance  will  be  of  its 
finding  a  sale.'  Agriculturahsts  as  well  as  chemists 
differ  widely  as  to  the  merits  of  water-carried  sewage 
manures.  Some  assert  that  they  are  less  stimulating  than 
guano  and  such-like  manures,  that  they  are  longer  in 
their  action,  and  that  they  show  a  greater  value  than  the 
chemist  assigns  to  them. 

In  the  Eeport  of  the  Local  Government  Board  Com- 
mittee, 1876,  p.  Ixii,  Dr.  Voelcker  says:    'The  esti- 
mated money  value  of  sewage  and  night-soil  manures,  as 
has  been  stated  already,  does  not  fairly  represent  theii'  real 
commercial  value.  The  bulk  of  all  the  samples  submitted 
to  me  for  analysis,  consists  of  matters  which  occur  in 
abundance  in  almost  all  soils,  and  which  at  any  rate  have 
no  commercial  value,  or  rather  have  a  negative  value, 
inasmuch  as  carriage  has  to  be  paid  for  them,  and  the 
appHcation  of  bulky  manures  necessarily  is  more  ex- 
pensive than  that  of  concentrated  manures  such  as  guano 
or  bone-dust.  It  is,  therefore,  manifestly  practically  wrong 
to  estimate  the  money  value  of  such  bulky  and  poor 
manures  by  the  same  standard  of  prices  at  which  the 
commercial  value  of  guano,  bone-dust,  sulphate  of  am- 
monia, and  similar  concentrated  artificial  manures  are 
estimated.    A  more  rational  and  correct  estimate  of  the 
true  value  of  sewage  and  night-soil  maniu:es  is  obtained, 
by  comparing  them  with  ordinary  farmyard  manure,  and 
the  price  which  is  paid  for  the  latter.    Good  farmyard 
manure,'  Dr.  Voelcker  says,  '  has  a  money  value  in  round 
numbers  of  155.  and  a  market  value  of  55.  to  75.  6c?.  per 
ton.' 

At  page  Ixiii,  he  compares  the  values  of  sewage  ma- 
nures produced  by  various  processes  with  that  of  farmyard 
manure,  and  it  would  appear  from  the  figures  there  given 
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that  a  farmer  would  be  a  gainer  by  purchasing  the  best  of 
them  in  preference  to  farmyard  manure,  as  he  would  save 
both  in  carriage  and  labour  of  spreading,  and  that  sewage 
sludge  should  find  as  ready  a  market  as  farmyard  manure. 

Another  mode  of  dealing  with  sewage  sludge  is  by 
fortifying  it  with  fertilising  elements  so  as  to  enable  it  to 
bear  carriage  to  a  distance. 

It  is  not  at  all  unlikely  that  midden  or  pail  stuff  may 
eventually  be  so  treated  as  to  be  used  for  fortifying 
manures  obtained  from  water-carried  sewage. 

The  use  of  hme  alone  as  a  precipitant  does  not  appear 
to  afford  satisfactory  results,  and  the  addition  of  some 
other  chemical  to  act  as  a  deodorant  and  a  disinfectant  is 
therefore  requisite.  General  Scott,  F.E.S.,  has  lately 
stated  that  '  an  effluent  would  be  improved  by  the  addi- 
tion of  either  sulphate  of  alumina  or  sulphate  of  iron  ' ; 
and  Captain  Flower  recently  says,  '  Even  as  long  ago  as 
May,  1868,  Dr.  A.  S.  Taylor  said  something  more  than 
hme  was  necessary.  My  experience  certamly  proves  he 
was  right.' 

Phosphates  are  not  economical  precipitants,  as  chemists 
seem  agreed  that  a  great  amount  of  the  derived  phos- 
phate in  the  manure  has  but  little  fertilising  value,  owing 
to  its  not  being  in  the  right  form  for  assimilation  by 
plants.  Phosphates  are,  besides,  costly  materials  to  em- 
ploy, and  as  sew^age  during  treatment  must  be  kept 
acid,  there  is  a  risk  of  loss  from  the  phosphate  passing 
off  in  solution  with  the  effluent  water. 

It  is  stated  by  Mr.  Crookes,  F.E.S.,  that  processes 
using  phosphates  as  precipitants  have  the  objection  of 
causing  the  effluent  to  contain  phosphoric  acid,  which 
produces  the  low  confervoid  growth  commonly  called 
sewage  fungus. 

Chemical  processes  do  not  remove  all  the  fertilising 
elements  from  sewage,  therefore  the  effluent  water  may  be 
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used  for  irrigation  where  practicable  so  as  not  to  lose 
those  elements  which  remain  in  it.  Dr.  Letheby  has 
said  :  '  The  right  way  of  deaUng  with  the  subject  is  first 
to  defecate  the  sewage  by  means  of  one  or  other  of  the 
best  preciiDitating  processes,  and  then  to  use  the  clarified 
water  upon  land,  if  it  be  desirable  ;  and  if  not,  to  discharge 
It  mto  a  neighbourhig  watercourse.  By  this  means  all 
desirable  results  may  be  secured  ;  for  not  ouly  may  the 
necessary  disinfection  be  so  accomphshed  that  the  effluent 
water  may  be  either  used  upon  the  land,  when  the  season 
permits,  or  discharged  into  an  outfall  channel,  but  the 
precipitated  matter  may  be  so  treated  as  to  destroy  the 
vitality  of  parasitic  ova.' 

It  appears  deskable  to  defecate  all  sewage  previous  to 
its  application  to  land. 

Colonel  Hope,  V.C.,  whose  experience  in  sewage 
irrigation  gives  force  to  the  opinion  which  he  ex- 
pressed at  the  Society  of  Arts  Conference,  says:  'The 
spreading  of  a  quantity  of  sohd  matter  in  suspension 
over  the  surface  of  land  in  which  crops  are  growing  has 
a  tendency  to  choke  the  pores  of  the  soil ;  and,  further, 
if  the  land  to  which  the  sewage  is  apphed  is  in  a  popu- 
lous neighbourhood,  or  surrounded,  as  it  often  is,  with 
villas,  spreading  undissolved  sewage  matter  over  land 
is  objectionable  to  the  nose,  and  possibly  to  health  ; 
therefore,  for  all  these  reasons,  it  ought  to  be  taken  out 
before  the  matter  in  solution  is  distributed  over  the 
surface  by  irrigation.' 

The  solution  of  the  sewage  difliculty  will,  without 
doubt,  be  found  in  a  large  number  of  cases  in  a  combina- 
tion of  precipitation  with  irrigation.  The  former  for  the 
purpose  of  deodorising  the  sewage,  and  removing  the  sohd 
parts,  and  the  latter  for  the  purpose  of  obtaining,  where 
necessary,  a  high  standard  of  purity  in  the  effluent  water. 

The  conditions  that  it  is  essential  to  secure  for  the 
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disposal  of  water-carried  sewage  on  land,  apart  from 
chemical  treatment,  are  as  follows  :— 

The  power  to  acquire,  mthout  heavy  parliamentary, 
legal,  oy  similar  expenses,  sufficient  land  of  suitable  contoiu- 
and  quahty  (loam,  sand,  or  gravel) ;  the  average  quantity 
used  in  practice  appears  from  a  table  given  at  page  32 
to  be  not  less  than  389  acres  to  every  miUion  gallons  of 
sewage  per  day  to  be  dealt  with.  That  the  price  should 
not  exceed  about  100/.  per  acre  for  pin-chase,  or  U.  105. 
per  acre  annual  rental.  That  the  land  should  be  situated 
at  a  moderate  distance  from  the  town,  so  as  to  avoid  the 
heavy  cost  of  very  long  outfall  sewers.  That  it  should  be 
accessible  to  the  sewage  without  the  aid  of  pumping  if 
possible,  if  not  that  the  vertical  hft  should  be  small.  That 
there  should  exist  an  outlet  for  the  sale  of  the  farm  pro- 
duce. That  additional  land  should  be  available  for  the 
necessary  extension  of  the  farm  to  meet  the  growth  of 
populations  and  the  consequent  increase  in  volume  of 
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Where  these  conditions  can  be  strictly  comphed  with, 
irrigation  would  seem  to  be  the  best  means  of  purifying 
sewage,  but  no  profit  must  be  expected. 

The  Executive  Committee  of  the  Society  of  Arts.  Con- 
ference in  1876  came  to  the  conclusion  that  '  in  certain 
localities,  when  land  at  a  reasonable  price  can  be  procured, 
with  favourable  natural  gradients,  with  soil  of  a  suitable 
quality,'  and  in  sufficient  quantity,  a  sewage  farm,  if 
properly  conducted,  is  apparently  the  best  method  of 
disposing  of  water-carried  sewage.  It  is  essential,  how- 
ever, to  bear  in  mind  that  a  profit  should  not  be  looked 
for  by  the  locality  estabhshing  the  sewage  farm,  and  only 
a  moderate  one  to  the  farmer.' 

The  Committee  of  the  Local  Government  Boai'd,  on 
the  disposal  of  sewage,  in  1876,  arrive  at  the  following 
conclusions  at  p.  xiii  of  their  Eeport : — 
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'That  town  sewage  can  best  and  most  cheaply  be 
disposed  of  and  purified  by  the  process  of  land  irrigation 
for  agricultural  purposes,  where  local  conditions  are 
favourable  to  its  application,  but  that  the  chemical  value 
of  sewage  is  greatly  reduced  to  the  farmer  by  the  fact 
that  it  must  be  disposed  of  day  by  day  throughout  the 
entire  year,  and  that  its  volume  is  generally  greatest 
when  it  is  of  the  least  service  to  the  land.' 

'  That  land  irrigation  is  not  practicable  in  all  cases ; 
and,  therefore,  other  modes  of  dealing  with  sewage  must 
be  allowed.' 

At  page  xxxvi  of  their  Eeport  the  Committee  say  :— 
'Disappointment  has  therefore  been  expressed  at  the 
poor  financial  results  of  sewage  farms.    Agriculture  is 
never  a  specially  lucrative  business,  and  during  the  last 
few  years  it  is  probable  that  strictly  accurate  accounts 
would  prove  that  very  little  profit  has  been  derived  from 
the  ordinary  cultivation  of  arable  land.    Parms  to  which 
town  sewage  is  applied  have  invariably  many  unfavourable 
circumstances  to  contend  with.    The  rent,  except  where 
the  local  authority  has  land  of  its  own,  is  certain  to  be 
extravagant;   the  apphcation  of  sewage  is  often  too 
costly ;  the  management  is  frequently  changeable  and 
faulty,  and  the  prejudice  against  the  produce  of  the  farm 
is,  in  some  districts,  obstinate  and  widesj^read.  But 
where  a  fair  rent  is  charged  for  suitable  land,  the  sewage 
is  cheaply  and  regularly  delivered,  and  a  good  market  is 
close  at  hand,  there  is  no  reason  to  doubt  that  the  return 
for  capital  judiciously  expended  upon  sewage  farms  will 
produce  a  higher  rate  of  interest  than  the  money  invested 
by  the  majority  of  the  tillage  farmers  throughout  the 
country.' 

Experience  has,  however,  proved  that  the  opinion 
here  expressed  is  not  in  practice  realised. 
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In  the  present  work  reference  is  made  to  seventy-nine 
places  where,  during  the  last  quarter  of  a  century,  irriga- 
tion has  either  been  carried  out  or  the  idea  entertained. 
Of  these  one  is  where  the  system  is  only  being  discussed, 
nine  are  where,  for  some  reason  or  another,  it  has  been 
abandoned,  seven  are  where  it  has  been  partially  carried 
out  for  agricultural  purposes  only,  nine  are  where  ex- 
ceptionally favourable  circumstances  exist,  nineteen  are 
where  the  operations  are  either  incomplete  or  upon  a 
small  scale,  and  of  which  no  information  has  been  pub- 
lished, foiu-  are  where  the  works  are  not  yet  completed, 
and  three  illustrate  only  the  quantity  of  land  requisite  for 
irrigation  purposes.    The  remaining  twenty-seven  repre- 
sent the  most  important  instances  of  the  irrigation  system 
in  this  country.    Omitting  one  of  these,  from  which  full 
information  has  not  been  obtained,  twenty-six  show  that 
the  average  cost  of  disposing  of  sewage  by  this  mode 
is  11.  I65.  4J<i.  per  million  gallons,  Is.  10.J,(i.  per  head 
of  the  population  per  annum,  or  5f|-(i.  per  pound  of  the 
rateable  value,  details  of  which  are  given  in  a  table  at 
page  28.    There  are  eight  instances,  if  Wrexham  is  in- 
cluded, showing  a  moderate  loss,  viz.,  Wrexham,  Chelten- 
ham, Eugby,  Bedford,  Bishops  Stortford,  Altrincham, 
Banbury,  and  Kendal.    The  first  of  these  shows  a  small 
profit,  but  inasmuch  as   nothing  is  included  in  the 
accounts  for  the  skilled  management  bestowed  upon  it,  it 
is  scarcely  right  to  regard  the  small  balance  which  it  shows 
in  such  a  light.    It  will  be  observed  that  in  the  eight 
instances  last  referred  to  the  conditions  necessary  to 
sewage  irrigation  are  favourable.     Wrexham  has  ex- 
ceptionally good  land  and  skilful  management.  Chel- 
tenham has  the  wiUing  co-operation  of  the  adjoining 
landowners,  and  Bedford  has  a  good  outlet  for  the  pro- 
duce of  the  farm.    The  others  will  be  found  more  or  less 
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weighted  witli  heavy  charges;  some  with  the  cost  of 
pumping,  as  Leamington,  Kidderminster,  Warwick, 
Norwich,  and  Crewe ;  others,  such  as  Blackburn,  North- 
ampton, Harrogate,  Merthyr  Tydfil,  Tunbridge  Wells, 
and  West  Derby,  with  heavy  legal  and  other  expenses 
incurred  in  the  acquisition  of  land,  &c.  At  Leamington, 
however,  notwithstanding  the  heavy  cost,  no  land  has 
been  purchased.  At  Doncaster  the  land  employed  be- 
longed to  the  Corporation.  At  Merthyr  Tydfil  the  cha- 
racter of  the  soil  is  exceptionally  favoiurable,  and  so  is  the 
character  of  the  sewage.  Still,  the  cost  at  these  places  is 
very  high,  owing  to  want  of  compliance  with  one  or 
more  of  the  several  conditions  which  are  necessary  to 
enable  sewage  irrigation  to  be  adopted  per  se.  At  many 
of  the  above  places  the  necessity  for  obtaining  additional 
land  already  exists,  thus  showing  that  it  is  aknost  impos- 
sible to  form  a  correct  estimate  of  what  will  be  the 
ultimate  cost  of  sewage  farming. 

The  Committee  of  the  Local  Government  Board 
recognise  this,  and  in  their  recent  Eeport  (p.  xxxiii)  say ; 
'  A  very  limited  experience  soon  teaches  us  that  the 
purification  of  a  constant  flow  of  sewage,  and  which  is 
frequently  greatest  when  least  wanted  on  the  farm,  must 
bring  certain  difiiculties  in  its  train,    The  cultivation  of 
sewaged  land,  for  instance,  requires  more  than  double 
the  amount  of  manual  labour  which  is  usually  employed 
upon  arable  land,  and  more  horses  must  be  kept  than  upon 
an  ordinary  farm.    The  amount  of  capital,  even  where 
the  produce  is  sold  off  as  soon  as  grown,  must  be  greatly 
in  excess  of  that  required  for  the  general  ordinary  cultiva- 
tion of  the  soil ;  while  to  properly  stock  and  work  a  sewage 
farm  upon  which  the  main  produce  is  consumed,  quite  five 
times  the  usual  amount  of  money  will  be  needed.' 

The  necessary  expenditure  to  meet  growth  of  popula- 
tion and  increasing  volume  of  sewage,  would  seem  to  be 
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greater  in  the  case  of  irrigation  than  precipitation,  as  the 
cost  of  acquiring  additional  land  under  such  circumstances, 
even  where  possible,  would  be  more  uncertain  than  the 
cost  of  enlarging  precipitating  works. 

It  may  be  well  now  to  review  some  of  the  practical 
difficulties  that  pertain  to  sewage  treatment,  where  irriga- 
tion 'per  se  has  been  adopted.  The  insufficient  amount  of 
land  with  which  it  has  been  sought  to  conduct  irrigation 
works  has  proved  at  the  outset  a  source  of  great  practical 
difficulty.  From  an  average  of  32  places  where  irrigation 
has  been  employed,  it  is  found  that  389  acres  of  land  are 
requisite  for  a  daily  flow  of  one  million  gallons  of  sewage, 
as  will  be  seen  by  the  table  at  pages  31  and  32. 

Even  where  an  adequate  quantity  of  land  is  at  first 
available,  it  is  sometimes  erroneously  assumed  that  money 
advanced  by  the  Public  Works'  Loan  Commissioners  at  3^ 
percent.,  to  be  repaid  in  30  years  at  hi.  8s.  9<^.  per  cent., 
will  pay  off  the  debt  incurred  by  a  sewage  farm  in  that 
period  of  time.    Not  only,  however,  is  some  of  the  money 
used  for  this  piurpose  borrowed  Jfrom  other  sources  at  a 
higher  rate  of  interest,  but  it  is  a  fact  that  long  before  30 
years  have  expired  additional  expenditure  of  capital  will 
be  required  for  an  extension  of  the  farm.    Statistics  show 
that  populations  will  have  nearly  doubled  in  that  time, 
and  that,  with  advancing  sanitary  improvements,  the  flow 
of  sewage  will  be  largely  increased.  Already,  at  Croydon, 
additional  land  is  requisite  to  meet  the  growing  population, 
and  in  that  neighbourhood  the  price  will  doubtless  be 
high.  At  Warwick  and  Cheltenham  more  land  is  required 
and  cannot  be  obtained.    At  Northampton  the  land  ac- 
quired is  already  found  to  be  insufficient.    At  Blackburn 
as  much  as  150  years'  purchase  has  recently  been  paid  for 
additional  land.    At  Bedford  it  has  been  found  necessary 
to  increase  the  area  of  land  from  time  to  time.  At 
Wolverhampton  an  instance  occurs  of  an  entire  block  in 
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this  direction,  parliamentary  powers  having  been  obtained 
for  the  acquisition  of  900  acres  of  land  for  sewage  purposes, 
but  at  no  reasonable  price  can  the  Corporation  obtain  more 
than  283  acres,  consequently  the  works  remain  incom- 
plete. For  the  above  reason,  it  has  been  preferred  in  this 
work,  in  arriving  at  the  financial  results  of  sewage  works, 
to  adopt  5  per  cent,  as  an  annual  charge  on  all  capital 
expended. 

In  order  to  meet  the  difficulty  in  obtaining  sufficient 
land  for  irrigation  jt?er  se^  the  laboratory  experiments  of  Dr. 
Frankland,  F.R.S.,  which  were  made  some  years  ago  for 
the  Elvers  Pollution  Commissioners,  have  been  apphed  to 
the  treatment  of  sewage  by  what  has  been  termed  '  Inter- 
mittent Downward  Filtration.'  Dr.  Frankland  calculated 
from  his  experiments  that  one  acre  of  land  of  suitable 
quality,  deeply  drained  and  properly  prepared,  would 
piu-ify  the  sewage  of  3,300  persons;  but  he  did  not 
calculate  how  long  it  would  continue  to  act,  neither  did 
he  consider  the  effect  of  varying  quahties  of  sewage  in  his 
experiments.  The  following  objections  were  advanced 
against  this  system  by  the  Eivers  Pollution  Commissioners 
themselves  (1st  Eep.  pp.  62-70) : — 

'  1st.  It  is  entirely  unremunerative  ;  the  amount  of. 
sewage  applied  to  a  given  area  of  land  being  probably,  in 
such  a  case,  too  great  to  permit  of  the  growth  of  any 
ordinary  agricultural  crop. 

'  2nd.  The  whole  of  the  manure  ingredients  of  the 
sewage  would  be  absolutely  wasted. 

'  3rd.  The  collection  of  solid  faecal  matters  upon  the 
surface  of  the  soil,  with  no  vegetation  to  make  use  of 
them,  would  probably  give  rise  to  a  formidable  nuisance, 
especially  in  hot  weather.' 

The  plan  was  first  put  into  practice  at  Merthyr 
Tydfil,  where,  in  1870,  twenty  acres  of  land  were  pre- 
pared by  Mr.  Bailey  Denton.    It  is  thus  described  by  Sir 
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Joseph  Bazalgette,  at  p.  53  of  his  evidence  before  Sir  John 
Hawkshaw's  Commission  on  the  Purification  of  the  Clyde  : 
— '  There  is  another  process  which  is  very  much  in  favour 
at  this  moment,  because  it  helps  to  get  rid  of  what  I  may 
call  the  land  difficulty,  and  that  is  the  intermittent  down- 
ward filtration  system,  which  Mr,  Bailey  Denton  has  started 
at  Merthyr  Tydfil,  based  upon  the  experiments  of  Dr. 
Frankland,  who  showed,  by  experiments  which  he  made, 
that  the  sewage  from  3,000  people  could  be  filtered 
through  an  acre  of  land,  drained  two  yards  deep,  so  as  to 
purify  it  entirely.  Based  upon  that  theory,  Mr.  Bailey 
Denton  laid  out  a  farm  at  Merthyr  Tydfil,  and  he  drained 
it  two  yards  deep,  and  poured  the  sewage,  for  a  short 
time,  of  1,000  people  per  acre,  upon  that  land  ;  and  then, 
based  upon  that  experiment,  it  is  proposed  that  all  over 
the  country  where  there  is  a  difficulty  about  obtaining  suf- 
ficient lands  for  sewage  farms,  to  fall  back  upon  intermit- 
tent downward  filtration,  and  to  put  the  sewage  of  1,500, 
or  2,000  people,  to  an  acre  of  land,  regardless  of  the  soil. 
That  proposition  rendered  it  necessary  that  I  should  go, 
about  two  years  ago,  to  Merthyr  Tydfil  to  see  what  was 
done,  and  there  I  found  that  there  was  a  gravelly  soil  50 
feet  in  depth,  an  admirable  opportunity  of  drainage,  and 
circumstances  more  favourable  than  could  be  obtained 
almost  in  any  other  place,  and  that  they  did  for  about 
six  months,  under  those  favourable  conditions,  apply  the 
sewage  of  1,000  people  to  the  acre  without  causing  any 
nuisance ;  but  that  the  engineer  who  had  charge  of  it,  a 
very  intelligent  engineer  of  the  name  of  Harpur,  came  to 
the  conclusion  that  even  under  those  favourable  con- 
ditions you  could  not  apply  the  sewage  of  more  than  500 
people  to  an  acre  safely  and  permanently.  The  plan  for 
this  process  which  they  adopt  is  to  take  three  acres  to 
begin  with ;  they  divide  it  into  three,  and  they  irrigate 
one  acre  for  one  year  and  leave  the  other  two  acres  at 
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rest.  Next  year  they  turn  the  sewage  upon  the  second 
acre,  leaving  the  acre  which  has  been  under  sewage  for 
the  former  year,  two  years  to  purify  itself  again.  Now, 
that  calculation  means  that  before  the  year  was  out  for 
some  time,  and  for  some  time  after  the  year  was  out,  the 
land  has  been  charged  very  heavily  with  sewage,  and 
therefore  cannot  have  been  in  a  proper  state  for  purifying 
sewage.  Then  they  divide  the  acre  which  is  in  use  into 
three  parts  also,  and  they  pour  the  sewage  for  eight  hours 
upon  one  part,  eight  hours  on  another,  and  for  the  re- 
maining eight  hours  upon  the  remaining  third  ;  therefore, 
if  there  are  1,000  people  to  the  acre,  there  is  going  on  a 
portion  of  the  land  for  a  year,  the  sewage  of  3,000  people 

 that  is  1 ,000  people  upon  one-third  of  an  acre,  which 

is  equal  to  3,000  per  acre.  The  theory  is,  and  it  is  a 
very  good  theory,  that  the  sewage  should  be  allowed  to 
go  through  land  well  drained  and  weU.  aerated,  and 
coming  in  contact  with  the  air  it  is  oxydised  and  purified ; 
but,  if  it  is  allowed  to  be  upon  the  land  for  any  length  of 
time,  it  gets  clogged,  and  the  sewage  is  not  purified ;  and 
therefore  they  apply  it  intermittently,  and  they  allow 
time  for  the  air  to  pass  through  it.  It  is  a  very  useful 
plan,  as  are  all  other  modes  of  dealing  with  sewage  under 
certain  conditions  ;  but  it  is  very  apt  to  be  taken  up  as 
most  of  those  theories  are,  and  apphed  too  extensively, 
which  must  only  end  in  great  disaster.' 

In  practice,  filtration  of  crude  or  untreated  sewage 
has  not  been  successful.  Mr.  Crookes  says,  in  evidence 
before  Sir  John  Hawkshaw's  Commission  on  the  Purifica- 
tion of  the  Clyde  :  '  Sewage  is  the  most  difficult  thing 
possible  to  filter.  You  cannot  filter  it  through  filtering 
paper;  it  contains  a  kind  of  glutinous  papier-mach^ 
stuff  which  clogs  up  any  filter.' 

What  is  true  of  other  filtering  media  is  true  of  land, 
and  also  equally  true  of  intermittent  downward  filtra- 
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tion.  Mr.  Crookes  says,  in  reference  to  this  plan:  'I 
would  expect  those  filters  soon  to  fill  up  ;  they  must  not 
be  so  open  that  the  solid  matter  in  the  sewage  will  pass 
through,  and  they  will  be  then  so  close  that  they  will 
soon  clog  up.  Filters  might  probably  answer  very  well 
for  a  few  years.' 

Dr.  Frankland  stated  that  one  acre  of  land  was  suffi- 
cient to  purify  the  sewage  of  3,300  persons.  It  was  after- 
wards put  at  one  acre  to  1,000  persons,  and  more  recently 
at  one  acre  to  500  persons.  The  Eeport  of  the  Local 
Government  Board  Committee  states  (p.  24),  that  at 
Merthyr  Tydfil  '  the  land-filter-beds  have  since  1872 
been  treated  as  ordinary  irrigation  ground,  and  are  now 
so  used,  together  with  230  acres  of  the  other  portions  of 
the  land,  as  a  sewage  irrigation  farm.' 

In  a  Paper  recently  read  before  the  Institution  of 
Civil  Engineers,  by  Mr.  C.  Bazalgette,  it  is  stated 
that  Dr.  Frankland's  experiments,  '  instead  of  having  been 
confirmed,  have  been  refuted  by  subsequent  practice,'  and 
that  the  true  facts  at  Merthyr  are,  '  that  for  five  months 
the  sewage  was  apphed  in  the  proportion  of  1,000,  or, 
at  most,  1,250  persons  to  an  acre,  then  of  500  persons  to 
an  acre,  and  afterwards  permanently  of  229  persons  to  an 
acre.  That  though  the  formation  necessary  for  downward 
filtration  has  been  preserved,  to  all  intents  and  purposes 
the  filters  are  performing  the  permanent  functions  of  an 
ordinary  sewage  irrigation  farm.' 

Had  such  a  plan  succeeded  in  economising  the  use  of 
land,  it  would  have  done  so  at  Merthyr  Tydfil,  as  the 
sewage  and  soil  are  both  favourable.  At  Kendal  also 
the  circumstances  are  exceptionally  favourable  to  filtra- 
tion ;  butlt  appears  from  the  Eeport  of  the  Committee  of 
the  Local  Government  Board  (p.  32),  that  there  also 
the  filtering  area  has  recently  been  doulDled. 

Intermittent  downward  filtration  has  been  tried  at 
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Wellingborougli,  unsuccessfuUy.  At  Wrexham  it  was 
given  up.  It  was  tried  at  Cheltenham,  but  very  Httle 
was  said  about  it  there.  At  the  Lodge  Farm,  Barking, 
it  was  extensively  and  carefully  tried  under  Mr.  Morgan's 
supervision,  and  completely  failed.    (Soc.  Arts,  p.  73.) 

At  Nottingham,  it  has  recently  been  suggested  that 
500  acres  can  be  made  to  treat  a  daily  flow  of  5,000,000 
gallons  of  sewage  of  a  manufacturing  character,  but  this 
would  be  at  variance  with  practical  experience  now 
gained  elsewhere. 

Proper  skilled  supervision,  though  rarely  obtained,  is 
absolutely  necessary,  not  only  in  an  agricultural  but  also 
in  a  sanitary  point  of  view,  in  conducting  a  sewage  farm, 
as  the  sewage  must  be  dealt  with  .  continuously  both  in 
dry  weather,  when  it  is  required,  and  in  winter  and 
during  wet  seasons  when  it  is  not  required. 

Dr.  Carpenter,  in  giving  the  result  of  his  experience  in 
sewage  irrigation,  at  the  Society  of  Arts'  Conference,  states 
that  if  the  men  employed  upon  the  farm  neglect  then- 
duty  the  sewage  is  apt  to  flow  over  the  land  without 
going  through  it.  He  further  says,  that  at  Croydon 
sewage  farm,  '  mischievous  people  often  break  down  the 
carriers  and  other  works  and  let  the  sewage  run  where 
it  ought  not  to  go ;  in  that  way  it  might  get  into  the 
effluent  water.' 

The  mismanagement  of  some  sewage  farms  has  brought 
discredit  upon  the  system.  This  was  pointed  out  in  a 
Paper  read  before  the  Society  of  Arts,  December  1,  1875, 
by  the  late  Dr.  Smee,  F.E.S.,  in  which  also  various  rules 
for  the  management  of  sewage  lands  are  suggested. 

Most  of  the  published  information  about  sewage  farms 
deals  with  the  agricultural  value  of  sewage,  and  states  that, 
by  its  application  to  land,  large  crops  of  a  certain  kind  can 
be  grown  ;  but  the  conditions  of  applying  the  sewage,  the 
limited  variety  of  crops,  and  their  cost,  have  been  too  much 
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lost  sight  of,  and  the  sanitary  aspect  of  the  question  which 
now  confronts  local  authorities  has  been  less  fully  con- 
sidered. 

M.  Depaire  stated,  at  the  Brussels  International  Con- 
gress (an  account  of  which  appeared  in  the  '  Standard,' 
October  7,  1876),  '  that  he  believed  the  question  of  the 
utilisation  of  sewage  was  about  to  receive  a  definite  and 
satisfactory  solution.'  'A  large  collection  of  splendid 
vegetables  was  at  the  same  time  exhibited.  These  were 
grown  on  the  plain  of  Gennevilhers,  near  Paris.  They 
were  shown  as  examples  of  the  crops  grown  in  fields 
urigated  by  the  sewage  of  Paris.'  The  only  fact,  how- 
ever, proved  by  the  exhibition  of  those  vegetable  pro- 
ductions, was,  that  they  were  grown  with  sewage,  but, 
nothing  was  stated  as  to  the  cost  of  production. 

The  limited  variety  of  crops  that  can  be  grown  with 
sewage  was  stated  in  evidence  before  the  Select  Com- 
mittee on  Sewage  of  Towns,  in  1862,  when  it  was  shown 
that  sewage  is  not  suitable  for  wheat,  corn  or  green 
crops,  as  they  will  not  allow  of  a  daily  regular  application 
of  hquid ;  but  that  crops  of  a  succulent  nature  only,  such 
as  Italian  rye-grass,  osiers,  and  mangold- wurtzel,  can  be 
grown  under  sewage  irrigation  in  this  country. 

In  respect  to  this,  the  Committee  of  the  Local 
Government  Board,  in  1876  (p.  xxxii  of  Eeport),  say: 
'  The  continuous  application  of  town  sewage  to  all  soils  is 
by  no  means  an  unalloyed  benefit ;  as  in  some  cases  and 
seasons  and  especially  upon  clay-land  it  may  be  rather 
injurious  than  otherwise.  Very  few  crops  are  actually 
benefited  by  the  direct  application  of  sewage  upon  a 
stiff  and  retentive  soil ;  indeed,  Italian  rye-grass,  cabbage, 
and  mangold-wurtzel  seem  to  be  the  only  crops  that  per- 
sistently flourish  upon  any  soil,  heavy  or  light,  under  con- 
tinual doses  of  town  sewage.' 

Considerable  difficulty  arises  in  disposing  of  sewage- 
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grown  produce.  The  Birmingham  Sewage  Inquiry  Com- 
mittee, in  1871  (p.  xvii  of  Eeport),  referred  to  this 
practical  difficulty,  and,  in  reference  to  a  suggested  farm 
of  4,800  acres  of  land  for  the  disposal  of  their  sewage, 
they  said  :  '  Local  experience  renders  it  manifest  that  such 
an  area  could  not  be  used  with  advantage,  for  the  rye- 
grass now  grown  upon  part  of  the  140  acres  of  the 
Corporation  Sewage  Farm,  at  Saltley,  can  scarcely  be 
disposed  of,  and  how  much  greater  must  the  difficulty  of 
disposal  become,  supposing  the  requisite  quantity  of  4,800 
acres  to  be  emj)loyed  for  the  growth  of  such  crops  as 
those  above  described.' 

Mr.  Chalmers  Morton,  who  has  given  a  good  deal  of 
attention  to  sewage  agriculture,  also  states,  in  a  work 
called  '  Half-a-dozen  Sewage  Farms  : '  '  One  of  the  greatest 
difficulties  which  have  to  be  encountered  in  sewage 
farming  is  that  of  finding  a  market  for  its  produce.'  It  is 
not  uncommon  to  see  ricks  of  rye-grass  (too  coarse  in 
quality  to  attract  the  attention  of  farmers  in  the  neigh- 
bourhood) stand  from  season  to  season  on  a  sewage  farm, 
as  well  as  quantities  of  mangolds  remaining  unsold  after 
the  season  is  over. 

Where  a  farm  is  not  favourably  situated  as  regards 
a  ready  market  for  the  produce,  stocking  it  has  been 
resorted  to,  by  which  the  produce  is  consumed  on  the 
premises ;  but  this  necessitates  the  employment  of  addi- 
tional capital  with  the  attendant  risks  of  deahug  with 
cattle. 

Difficulty  arises  generally  where  sewage  farms  are  let 
upon  lease.  In  dry  weather  a  farmer  desires  to  have 
sewage,  and  in  wet  weather  he  does  not,  and  as  the  farmer's 
interest  and  that  of  the  sanitary  authority  responsible  for 
the  purification  of  sewage  are  not  identical,  tlie  farmer 
preferring  the  condition  of  his  crops  to  that  of  the  river, 
local  authorities  run  a  risk  of  their  sewage  not  being 
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purified.  Tlie  Select  Committee  on  Sewage  of  Towns 
foresaw  this  in  1862,  and  pointed  out  (as  stated  also  in  the 
Eeport  of  the  Committee  of  the  Local  Government  Board 
in  1876,  p.  128),  the  necessity  for  local  authorities  keeping 
the  control  of  sewage  in  their  own  hands. 

Where  land  is  taken  on  lease  for  a  sewage  farm, 
difficulty  is  likely  to  occur  in  its  renewal  at  the  expira- 
tion of  the  term.  In  reference  to  this,  at  Croydon, 
where  the  lease  of  the  land  expires  in  the  year  1892,  Dr. 
Carpenter  said,  at  the  Society  of  Arts  Conference,  '  before 
that  time  is  out,  I  trust,  the  utihsation  of  sewage  will  be  so 
understood  as  to  render  it  unnecessary  for  a  renewal  of  the 
leases  upon  the  present  onerous  and  unsatisfactory  basis.' 

The  length  of  time  that  land  will  continue  to  take 
raw  sewage  will  depend  upon  the  quantity  placed  upon 
it,  and  the  amount  of  vegetation  grown  thereon ;  but,  under 
ordinary  sewage-krigation  as  practised  in  England,  it  is 
by  no  means  certain  how  often  a  complete  change  of  land 
may  be  necessary.  The  irrigated  fields  at  Milan  are  some- 
times quoted  as  an  illustration  of  sewage-farming,  but 
there  the  sewage  is  not  always  applied  to  the  same  land, 
an  arrangement  existing  by  which  it  is  provided  that  the 
sewage  shall  not  be  applied  to  the  same  spot  for  more 
than  six  or  seven  years  continuously. 

In  respect  to  this,  the  Committee  of  the  Local  Govern- 
ment Board  state  (Eep.,  p.  xxxvi) :  '  We  have  been  assured 
by  a  gentleman  of  vast  experience  that  the  long-continued 
application  of  sewage  to  the  same  land  fails  to  produce 
the  like  beneficial  effect  as  when  it  was  first  used.' 

It  should  be  observed  that  sewage  cannot  be  suffi- 
ciently purified  by  fiowing  over  instead  of  through  land. 
As  far  back  as  1862  an  injunction  was  granted  against 
the  Local  Board  at  Croydon  for  alloAving  sewage  to 
pass  into  the  Wandle  un purified.  In  this  case,  though 
the  sewage  was  clear  in  appearance,  it  went  over  and  not 
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through  the  land,  as  stated  by  Professor  Way  in  evi- 
dence (First  Eeport,  Committee  on  Sewage  of  Towns 
1862,  p.  38). 

Althoiigli  it  has  been  sought  to  attribute  disease  to 
sewage-irrigation,  none  as  yet  has  been  decidedly  traced 
to  it.  Sewage-irrigation,  without  previous  chemical  treat- 
ment, may,  however,  be  attended  with  insanitary  effects, 
owing  to  offensive  emanations,  the  percolation  of  sewage 
into  subsoil  water,  and  thence  into  springs  and  wells,  or 
to  the  distribution  of  undefecated  sewage  charged  with 
disease-germs.  The  Elvers  Pollution  Commissioners  (at 
p.  87  of  their  First  Eeport,  1868,)  pointed  out  that  odours 
do  arise  from  land  irrigated  with  sewage  day  after  day  for 
years,  especially  with  limited  areas. 

It  is  improbable  that  the  high  standards  of  purity  laid 
down. in  the  Eeports  of  the  Elvers  Pollution  Commis- 
sioners will  be  practically  insisted  on,  and  the  inspec- 
tors of  the  Local  Government  Board,  with  whom,  under 
the  Elvers  Pollution  Act,  this  point  rests,  will  doubtless 
vary  the  standard  to  meet  different  conditions. 

Although  no  known  chemical  system  per  se  will 
render  sewage  perfectly  pure,  there  are  chemical  com- 
binations for  the  treatment  of  sewage  which,  at  a 
moderate  cost,  produce  an  effluent  water  pure  enough 
for  all  practical  and  sanitary  purposes,  and,  if  supple- 
mented by  irrigation  or  filtration  of  the  effluent  water  on 
a  small  amount  of  land,  are  quite  capable  of  compljnug 
vdth  the  highest  standards  of  purity. 

A  suggestion  made  by  Mr.  Crookes  (Soc.  Arts, 
pp.  80,  81)  for  a  standard  of  purity  to  be  adopted, 
from  a  common-sense  way  of  looking  at  it,  was  this, 
*  that  any  effluent  should  be  better  than  the  water  of 
the  river  into  which  it  was  put.  If  that;  process  were 
adopted  universally,  it  would  tend  to  purify  the  river 
naturally.  The  manufactories  at  the  top  of  the  river 
would  of  course  have  the  highest  standard  of  piuitj^  to 
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work  up  to,  those  lower  down  would  for  some  years 
have  the  standard  very  low,  but  it  would  go  on  in- 
creasing as  they  found  the  means  of  purifying  the  water 
they  threw  in.  In  that  way,  by  making  the  river  itself 
the  standard  of  purity,  the  thing  would  work  itself  round  ; 
until  at  last  you  came  to  this  point,  that  nobody  could 
put  anything  into  the  river,  because,  from  one  end  ^  to 
the  other,  it  was  as  pure  as  the  mountain  stream  which 
gave  it  birth.  Then  would  come  the  time  for  chemical 
analysis.' 

He  also  said :  '  There  were  one  or  two  points  con- 
nected with  the  effluent  from  precipitation  processes  which 
ought  to  be  borne  in  mind.  In  the  first  j^lace,  you  must 
not  have  an  alkahne  effluent,  because  wherever  there  was 
alkahnity  there  was  a  tendency  to  putrefaction,  as  had 
been  proved  over  and  over  again.  Where  you  could  keep 
the  effluent  acid  you  were  safe,  and  if  it  were  neutral 
the  carbonic  acid  of  the  atmosphere  would  make  it  safe.' 

The  disposal  of  sewage  by  discharging  it  into  the  sea 
does  not  hold  out  the  hope  of  a  solution  of  the  diffi- 
culty in  that  direction  that  is  claimed  for  it.  At  Brighton 
the  cost  would  appear  to  amount  to  upwards  of  hL  IO5. 
per  miUion  gahons  of  sewage.  No  possibility  of  any 
revenue  exists,  and  the  authorities  have  now  to  face  diffi- 
culties in  the  shape  of  sewer  gas  and  ventilation  of  sewers, 
with  the  attendant  risk  of  disease.  The  scheme  proposed 
for  dealing  with  the  sewage  of  Glasgow  by  casting  it  into 
the  sea  involves  a  cost  for  interest  on  capital  alqne, 
exclusive  of  pumping,  maintenance  of  works,  supervision, 
&c.,  of  U.  5s.  Id.  per  milhon  gallons.  This  sewage  could 
be  dealt  with  at  Whiteinch  by  precipitation  for  less  than 
that  amount,  because  the  standard  of  purity  required  in 
an  effluent  water  to  discharge  into  a  river  of  the  size  of 
the  Clyde  at  that  point  (three  and  a  half  miles  below 
Glasgow)  need  not  be  very  high. 

Considerable  expense  and  difficulty  attend  the  proper 
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ventilation  of  long  lines  of  outfall-sewers  into  the  sea ; 
and  in  addition  there  is  the  risk  of  serious  leakage  of 
subsoil  water. 

Such  a  plan  is  wasteful,  inasmuch  as  whatever  fertihs- 
ing  elements  sewage  may  contain  are  entu-ely  thrown 
away. 

It  may  not  eJSectually  dispose  of  the  sewage  which 
may  be  brought  back  by  the  sea  and  deposited  on  the 
shores  and  contmue  to  be  a  nuisance. 

The  Committee  of  the  Local  Government  Board,  at 
page  xiii  of  their  Eeport,  carefully  point  out  that  such  a 
plan  can  only  be  allowed  'provided  no  nuisance  is 
caused.' 

Discharging  sewage  into  tidal  rivers  or  estuaries  is 
hkely  to  involve  the  cost  of  dredging.  This  was  pointed 
out  by  the  Eivers  Pollution  Commissioners  (2nd  Eep., 
1867,  p.  xiii)  in  referring  to  the  river  Lee.  They  said  : 
'  Large  sums  of  money  are  spent  in  dredging  out  sewage 
mud,  which  has  accumulated  in  the  bed  of  the  river.' 

In  dealing  with  the  cost  of  sewage  farms  in  this  work, 
the  valuation  of  material  upon  the  farms  has  not  been 
included,  it  being  preferred  to  take  an  average  of  two  or 
three  years'  expense  of  working  and  sales  of  produce. 
This,  it  is  considered,  would  afford  more  accurate  results, 
as  in  some  instances  the  produce  is  unsaleable,  and  it 
would  be  misleading  to  take  it  into  account.  For  the 
same  reason  it  has  been  omitted  to  take  into  consideration 
the^value  of  manure  produced  by  precipitating  processes. 

The  populations  given  in  the  present  work  are  those 
of  the  last  census,  excepting  in  a  few  instances  where  a 
proportionate  addition  has  been  made  to  meet  a  more 
than  usually  rapid  increase. 
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SHOWING    COST    OF    TEEATING  WATER-CARRIED 
SEWAGE,  AND  PROPORTION  OP  LAND  USED 
FOR   IRRIGATION  PURPOSES. 
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PART  II.— PRECIPITATION. 

Peecipitation",  or  cliemical  treatment  of  water-carried 
sewage,  requires  consideration  in  four  different  sections, 
viz.  : — 

I.  Mechanical  straining  so  as  to  remove  the  larger 
portions. 

II.  Chemical  treatment  and  subsidence. 
TIT.  Disposal  of  the  precipitated  matter. 
IV.  Filtration  of  the  effluent  water. 

I.  Mechanical  straining  becomes  necessary  where  the 
sewage  contains  much  garbage,  paper,  rags,  corks,  sohd 
f^cal  matter,  hops  from  breweries,  &c.,  as  the  sewage  is 
thereby  brought  into  a  better  condition  for  chemical 
treatment,  and  solid  matters  are  prevented  from  accumu- 
lating upon  the  surface  of  the  tanks,  and  there  forming  a 
nuisance.  The  necessity  for  including  or  omitting  strain- 
ing in  the  construction  of  sewage  works  depends  on  the 
character  of  the  sewage,  and  there  are  various  methods 
by  which  it  may  be  accomplished.  Ordinary  fixed  iron 
or  wire  gratings  are  objectionable,  because  they  soon 
become  choked,  and  require  constant  watching  and 
cleansing,  involving  labour  and  consequent  expense. 
Latham's  self-cleansing  mechanical  strainer,  is  a  simple 
appliance  for  this  purpose. 

II.  Chemical  treatment  and  subsidence  both  disinfect, 
deodorise,  and  cause  precipitation  of  the  organic  sub- 
stances contained  in  the  sewage.    The  conditions  which 
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are  essential  to  success  in  this  portion  of  the  process,  are 
to  employ  chemicals,  which  are  disinfectants  as  well 
as  precipitants,  which  are  readily  obtainable  in  large 
quantities  and  at  moderate  prices,  and  which  can  be 
used  in  solution  so  as  to  add  the  least  possible  solid 
matter  to  the  sludge.  Unless  these  conditions  are  strictly 
complied  with,  the  result  will  either  be  insanitary,  or  else 
too  costly.  Besides  the  erroneous  expectations  that  a 
profit  would  accrue  from  the  manufacture  of  a  manure, 
many  processes  have  failed  because  one  or  more  of  the 
foregoing  conditions  have  not  been  complied  with. 

III.  The  disposal  of  the  precipitated  matter  or  sludge 
is  essentially  necessary  in  all  works.  Not  only  must  it  be 
reduced  to  a  portable  form,  but  some  plan  for  its  con- 
tinuous removal  has  to  be  kept  in  view. ,  This  residue 
does  not  form  a  manure  of  sulficient  value  in  its  natural 
state  to  command  a  ready  or  a  continuous  sale,  therefore 
the  following  conditions  demand  attention  in  order  to  en- 
sure success  in  this  respect : — I.  That  the  smallest  possible 
amount  of  sludge  be  produced.  II.  That  the  chemical 
or  fertilising  value  of  the  sludge  be  kept  as  high  as  pos- 
sible. These  two  results  are  regulated  chiefly  by  the 
bulk  of  the  chemicals  added  to  the  sewage,  and  show 
plainly  the  necessity  in  practice  for  conforming  to  the 
conditions  already  pointed  out.  Hitherto,  in  laboratory 
experiments  made  to  produce  a  good  effluent  water, 
practical  difficulties  in  regard  to  the  disposal  of  the 
sludge  have  been  very  much  lost  sight  of.  The  quality  of 
sludge  will  fluctuate  shghtly  according  to  the  quality  of 
the  sewage  from  which  it  is  produced,  but  it  will  vary 
chiefly  according  to  the  chemicals  used  for  treating  the 
sewage.  Under  the  most  favourable  circumstances  a  dry 
manure  has  never  yet  been  produced  from  water-carried 
sewage,  showing  a  greater  theoretical  value  than  about 
355.  per  ton,  except  when  chemicals  have  been  added 
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with  a  view  to  fortifying  the  resulting  shidge.  The 
quantity  of  skidge  produced  will  vary  with  the  bulk 
of  chemicals  which  are  added.    This  is  Hlustrated  by 
a  comparison  between  Birmingham  and  Coventry.  The 
sewage  of  both  places  is  of  a  manufacturing  character, 
and,  although  different  in  chemical  composition,  is  near 
enough  aUied  for  this  illustration.    At  Birmingham,  from 
12,000,000  gallons  of  sewage  a  daily  result  of  300  or 
400  tons  of  sludge  is  obtained.    At  Coventry,  from  a 
flow  of  2,000,000  gallons  of  sewage  a  daily  result  of 
about  25  tons  of  sludge  is  obtained.  Having  once  reduced 
the  sludge  to  a  minimum  bulk  and  a  maximum  value,  there 
are  various  modes  by  which  it  may  be  disposed  of  after  it 
is  brought  into  a  portable  condition,  viz. : — 1.  As  a  dry 
powdered  manure.    II.  In  a  semi-dry  condition  similar 
to  farmyard  manure.     III.  Fortified  by  the  admixture 
of  phosphates,  ammonia,  or  other  fertilising  agents,  to 
bring  it  up  to  a  higher  standard  as  an  artificial  manure. 
rV.  If  it  contains  a  large  percentage  of  hme  it  may  be 
burnt  according  to  General  Scott's  process  into  cement. 
The  success  of  this,  however,  depends  greatly  upon  the 
chemical  constituents  of  the  sludge.    V.  It  may  be  con- 
verted into  fuel  by  admixture  with  other  waste  products. 
VI.  It  may  be  used  for  the  production  of  gas. 

Any  of  the  above  processes  may  be  conducted  with- 
out nuisance.  A  good  cement  has  at  times  been  manufac- 
tured on  a  small  scale  from  the  sludge  at  Birmingham,  but 
its  quality,  owing  to  the  acid  character  of  the  Birmingham 
sewage,  is  variable.  The  process  is,  however,  about  to 
be  carried  out  by  Scott's  Sewage  Company  upon  an 
improved  plan,  at  Burnley,  in  Lancashire.  Experiments 
have  been  conducted  for  the  conversion  of  sludge 
into  fuel  and  into  gas  at  Coventry,  but  the  odours 
arising  from  the  burning  of  the  fuel  itself  were 
objectionable,  and  in  the  latter  the  illuminating  power 
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of  the  gas  was  small,  although  its  heating  power  was 
considerable. 

rV.  Filtration  of  the  effluent  water  is  not  essentially 
necessary,  and  where  it  flows  into  the  sea,  or  into  a  tidal 
or  large  river,  may  be  dispensed  with.  On  the  other  hand, 
where  the  effluent  water  is  required  to  be  of  a  high 
standard  of  purity  to  enter  small  streams  or  rivers  afford- 
ing a  supply  of  water  for  drinking  purposes,  filtration, 
either  through  a  small  area  of  land,  or  through  artificially 
prepared  filter  beds,  is  necessary  after  chemical  treatment. 
The  former  mode  of  filtration  is  preferable,  where  land 
both  of  suitable  quahty  and  character,  and  under  favour- 
able conditions  is  available,  because  the  fertilising 
elements  remaining  in  the  effluent  water  may  be  utilised 
thereon,  but  where  land  cannot  be  obtained,  and  artificial 
filter  beds  are  required,  they  may  be  constructed  in  a 
somewhat  similar  manner  to  those  used  for  filtering  water 
for  domestic  purposes.  The  area  of  land  required  for 
this  purpose  is  about  one  fortieth  of  that  required  for 
irrigation  or  filtration  of  raw  and  untreated  sewage. 

With  the  foregoing  prefatory  remarks,  the  principal 
precipitation  processes  which  have  been  practically  tried 
will  now  be  referred  to,  and  the  results  that  have 
attended  them  recorded. 


I.  Processes  which  employ  Salts  of,_  Alumina  as  the  chief 

Precipitating  Agent. 

The  CovBNTEY  Process  is  based  upon  a  patent  taken 
out  in  186  9. in  connection  with  the  General  Sewage  and 
Manure  Company  Limited,  which  was  formed  in  the  year 
1872  to  work  it.  They  entered  into  contracts  with 
the  Local  Board  of  Health  of  Nuneaton  and  the  Corpora- 
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tion  of  Coventry,  in  Warwickshire,  for  the  purification  of 
the  sewage  of  those  places.  These  contracts  were  both 
based  upon  the  erroneous  assumption  that  the  manu- 
factiu-e  of  manure  from  water- carried  sewage  would  be 
remimerative  without  any  subsidy  from  the  towns. 
They  spent  a  considerable  sum  of  money  in  acquiring 
patents,  erecting  works  for  developing  those  patents, 
experimenting  and  treating  the  sewage  of  these  two  towns 
for  several  years,  but  they  discovered  the  unprofitableness 
of  their  efforts,  and  the  fact  that  they  had  entered 
into  contracts  for  a  long  period  involving  an  annual 
heavy  loss  proved  fatal  to  them.  This  failure,  however, 
does  not  affect  the  sanitary  works  which  they  have  been 
the  means  of  carrying  out.  The  first  contract  entered  into 
was  for  Nuneaton,  but  inasmuch  as  the  process  has  been 
more  fully  developed  at  Coventry,  a  reference  to  it 
will  be  made  in  the  first  place.  Coventry  contains 
a  population  of  about  40,000  inhabitants.  It  has  4,510 
water-closets,  and  its  sewage  has  for  many  years  poured 
into  the  river  Sherburne  at  a  spot  situated  a  mile  to  the 
soiith  of  the  city.  In  this  locality  the  river  is  not  more 
than  10  feet  wide,  and  being  very  shallow,  the  flow  of 
sewage,  amounting  to  2,000,000  gallons  in  twenty-four 
hours,  frequently  increased  its  volume  two  or  three-fold. 
This  sewage  being  extremely  foul,  and  colom*ed  by 
refuse  dye  thrown  into  the  sewers  fr'om  the  numerous 
silk-dyeing  works,  varnish  works,  &c.,  in  the  town, 
very  soon  converted  the  river  into  a  large,  open,  and 
extremely  offensive  sewer,  which,  in  conjunction  with 
another  small  river  called  the  Sowe,  entered  the  river 
Avon,  and  finally  contributed  towards  the  supply  of 
drinking  water  to  the  town  of  Warwick.  It  was  not, 
therefore,  a  matter  of  surprise  that  when  sanitary  matters 
took  hold  of  the  public  mind,  the  Coventry  authorities 
experienced  a  troublesome  time  of  it.    They  had  fulfilled 
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what  was  considered  a  generation  ago  to  be  all  the  re- 
quirements for  draining  the  town,  and  conveying  the 
sewage  to  the  nearest  natural  carrier,  in  the  shape  of  a 
running  stream.  After,  however,  doing  this,  they  had  to 
encounter  an  Injunction  from  the  Court  of  Chancery, 
which  was  obtained  by  some  of  their  neighbours,  to  re- 
strain them  from  allowing  it  any  longer  to  enter  the  river. 
Having  previously  used  filtration,  lime  treatment,  &c.,  and 
founcl  them  to  fail,  the  difficulties  of  their  position  led 
them  to  endeavour  to  obtain  a  sewage  farm.  Accordingly, 
they  purchased  282  acres  of  land  for  a  sum  of  28,500/., 
but  the  estimate  for  preparing  it  amounted  to  a  sum  larger 
than  they  were  willing  to  expend,  and  the  result  appeared 
uncertain. 

The  estimated  cost  of  carrying  out  irrigation  at 
Coventry  is  as  follows  : — 

£ 

282  acres  of  land  already  purcHased      .       .       .  28,500 

Eequisite  quantity  of  land  for  a  flow  of  2,000,000 
gallons  of  sewage  per  day  would  be  780 
acres.  Additional  cost  of  498  acres  at  above 
price   49,800 

Preparation  of  land  for  irrigation  at  the  rainim'um 

price  of  50Z.  per  acre      .....  39,000 

Cost  of  outfall  works,  pumping  station,  rising  main, 
to  lift  2,000,000  gallons  a  day  150  feet;  taken  at 
less  cost  than  those  at  Kidderminster.         .       .  15,000 

Total     ......  132,300 


Assuming  the  farm  to  pay  its  working  expenses,  the 
annual  cost  would  therefore  amount  to — ■ 

Five  per  cent,  interest  on  capital  .  .  6,615 
Cost  of  pumping  1,000 

Total    .       .       o       .       .  7,615 


or  at  the  rate  of  10/.  8.s.  6(i.  per  million  gallons  of  sewage, 
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or  35.  9^^.  per  head  per  annum  of  the  population,  exdu- 
sive  of  the  cost  of  management.  _ 

The  cost  would,  moreover,  undoubtedly  be  heavier,  it 
the  opinion  of  the  Local  Government  Board  Committee 
were  adhered  to  (Eep.,  p.  xxxii),  viz.  :  that  no  growing 
crop,  save  natural  grass,  should  be  sewaged  durmg  the 
wter.  This  would  involve  having  780  acres  of  grass 
land  for  winter  use  in  addition  to  arable  land. 

The  General  Sewage  Company  undertook  to  purify 
the  sewage  at  their  own  expense,  and  constructed  works 
which  were  put  in  operation  on  the  30th  April,  1874, 
and  since  that  time  have  been  continuously  at  work 
purifying  all  of  the  sewage. 

The  sewage  (an  analysis  of  which  is  given  m  the 
Appendix)  flows  to  the  works  by  gravitation,  and  is  first 
mechanically  strained  through  Latham's  extractors,  so 
that  the  largest  sohd  matters  in  suspension  are  separated. 
The  materials  thus  extracted  consist  of  faecal  matter,  gar- 
bage, dead  rats,  and,  occasionally,  some  rather  remarkable 
elements,  amongst  which  have  been  seen  hving  fish  and 
frogs,  silver-mounted  meerschaum  pipes,  walking  sticks, 
and,  more  rarely,  spoons  and  forks.    The  strained  sewage 
is  then  mixed  with  a  dose  of  a  solution  of  sulphate  of 
alumina,  prepared  in  a  cheap  way  by  treating  shale  with 
sulphuric  acid.     The  necessary  engine-power,  boilers, 
mixers,  and  other  machinery  are  provided  both  for  the 
admixture  of  the  chemicals  with  the  sewage,  and  also  for 
the  manufacture  of  some  of  the  chemicals  themselves. 
The  sewage  next  receives  a  charge  of  milk  of  lime,  and 
then  flows  to  four  precipitating  tanks,  which  are  worked 
on  ihe  continuous  principle.    These  when  full  allow  the 
effluent  water  to  pour  over  weirs  at  the  extreme  ends  of 
the  tanks  and  in  a  fair  state  of  purity. 

The  effluent  water  from  the  tanks  is  next  conveyed  to 
filter  beds  comprising  nine  acres  of  land.  These  beds  are 
used  interniittcntly,  so  that  when  one  requires  rest  or 
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repair,  another  is  ready  to  replace  it.  The  effluent  water 
finally  passes  into  the  Eiver  Sherburne  at  the  rate  of 
about  80,000  gallons  per  hour,  and  in  a  condition  as 
shown  by  the  analysis  in  the  AjDpendix. 

The  tanks  are  periodically  stopped,  and  the  sludge 
removed  for  drying.  The  amount  of  sludge  is  about  25 
tons  a  day,  containing  85  per  cent,  of  moistiu-e. 

The  sludge  in  the  first  place  is  filtered  (by  passing 
through  a  drum  filter)  to  65  per  cent,  of  moisture.  It  is 
then  passed  through  Milburn's  drying  machiDes  and  ex- 
posed to  a  low  heating  process,  by  which  the  moisture 
is  reduced  to  60  per  cent.  It  is  then  stacked  in  its 
heated  state,  when  moisture  continues  to  be  given  ofi" 
until  it  is  dried  down  to  from  10  to  15  per  cent.,  in 
which  condition  the  day's  precipitate  would  amount  to  4J 
tons  of  manure,  at  a  cost  for  drying  of  about  65.  or  7s. 
per  ton. 

The  sludge,  when  reduced  to  a  portable  condition, 
is  disposed  of  in  three  ways  : — I.  In  a  dry,  powdered  state, 
as  a  manure,  the  theoretical  value  of  which  is  about  35s. 
per  ton,  according  to  Dr.  Voelcker's  analysis,  given  in  the 
Appendix ;  11.  After  drying  by  the  admixture  of  phos- 
phate of  hme  and  other  fertilising  agents,  so  as  to  form  an 
artificial  or  fortified  sewage  manure,  at  an  average  chemical 
value  of  U.  to  hi.  per  ton  ;  III.  In  a  semi- dry  condition, 
for  manuring  grass  and  arable  lands. 

The  chemicals  used  per  day  at  Coventry  are  as  follows : 

Tons  cwt.  qrs.  lbs. 

Crude  sulphate  of  alu- 
mina manufactured  on 
the  works  ^       .       .2    0    0  0 

Lime     .       .       .       .    0  10    0  0 

The  cost  of  these  ingredients  is  3^.  8s.,  or  34s.  for 
one  million  gallons  of  sewage.  The  sewage  of  Coventry 
containing  a  great  amount  of  dye,  requires  a  larger 

^  This  is  dissolved  in  water,  the  solution  only  being  allowed  to  pass  into 
the  sewage,  the  solid  residuum  to  the  extent  of  two-fifths  of  the  weight  being 
removed  by  subsidence. 


For  two  million  gallons 
of  sewage. 
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proportion  of  materials  to  purify  it  than  would  be  wanted 
in  cases  where  manufacturing  refuse  is  absent.  The 
cost  in  those  cases  would,  therefore,  be  considerably 
reduced,  according  to  the  quality  of  the  sewage,  and  the 
quantity  of  land  employed  as  an  auxiliary  to  the  process. 

The  cost  inclusive  of  rent  of  land,  interest  on  capital 
expended  in  works,  management,  labour,  and  materials, 
for  the  months  of  August,  September,  October,  1876,  as 
taken  from  the  books  kept  at  the  works,  and  fairly  repre- 
senting the  continuous  cost  of  the  process,  is  as  follows  : — 

£     s.  d. 


Coal  .  .  .  •  • 
Sulphate  of  alumina 
Lime  .  .  .  •  • 
Labour  on  works  and  filter  beds  . 
Licidental  expenses,  repairs,  &c.  . 
Rent  of  land  for  works  and  filter      £    s.  d. 

beds       .         .         .         .     13    0  0 

Interest  at  5  per   cent,  on 

12,000Z.,  cost  of  works  .  150  0  0 
Cost  of  management        .         .     50    0  0 


115  9  10 
218  12  6 

27  9  8 
218  16  6 

68    5  1 


213    0  0 


Total  for  three  months  .        .    861  13  7 


The  entire  annual  cost  at  Coventry  is  therefore 
3,446/.  145.  M.,  or  4/.  14s.  per  million  gallons,  or 
l5.  8|<i.  per  head  of  the  population.^ 

If  the  market  value  of  the  manure  (as  fixed  by  Dr. 
Voelcker  in  the  recent  report  of  the  Local  Government 
Board)  is  realised,  the  cost  would  be  reduced  as  follows : — 

■  £ 

Annual  cost  .....  3,446 
Eeceipts  from  manure  .        .         .  832 

Loss  per  annum         ....  2,614 
or  Is.  3^d.  per  head  of  the  popiilation. 

1  Care  should  he  taken  in  using  these  figures  for  other  places,  as  they 
include  cost  of  works  and  cost  of  management,  neither  of  which  increase  or 
decrease  in  direct  proportion,  and  also  include  the  price  of  chemicals  requi- 
site for  treating  manufacturing  sewage  where  nine  acres  of  laud  only  are 
employed  for  filtration. 
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The  sales  of  manure,  according  to  the  books,  have 
been  at  rates  varying  from  45.  a  ton  for  sludge,  con- 
taining about  65  per  cent,  of  moisture,  to  405.  a  ton 
for  dried  manure,  containing  10  per  cent,  of  moisture. 
Some  has  been  sold  in  a  fortified  state  at  hi.  or  6^.  per 
ton.  This  latter  price  represents  more  than  the  extra 
cost  of  the  fortifying  materials  added  to  the  chemical 
value  of  the  sludge. 

The  sale  of  a  manure  of  so  low  a  value  as  that  from 
water-carried  sewage  will,  however,  be  slow  and  un- 
certain, and,  in  the  first  instance,  but  little  consideration 
should  be  bestowed  upon  it  as  a  source  of  revenue  or 
profit. 

The  Coventry  works  have  been  under  investigation  by 
the  Committee  appointed  in  1875  by  the  Local  Govern- 
ment Board.  In  their  report,  at  page  46,  an  account  of 
the  process  is  given.  At  page  49  an  analysis  of  sludge 
containing  47 '36  per  cent,  of  moisture  is  given,  and  at 
pages  Ixi  and  Ixiii.  this  analysis  is  compared  with  other 
sewage  manures  containing  only  15  percent,  of  moistm-e. 
A  similar  reduction  of  moisture  in  the  Coventry  manure 
would  show  it  to  be  worth  more  than  is  there  stated. 

Towards  the  end  of  1876  the  Town  Council  of  Co- 
ventry appointed  a  Committee  to  investigate  various  modes 
of  dealing  with  town  sewage,  with  a  view  to  consider 
the  advisabihty  or  not  .of  continuing  this  process,  and 
came  to  the  following  conclusion  :  '  That  the  system  for 
treating-  the  sewage  of  this  city  by  precipitation  having 
been  in  use  since  the  30th  of  April,  1874  (a  period  of 
nearly  three  years),  this  Council  are  well  satisfied  with  its 
sanitary  success,  and  that  the  same  be  certified  under  the 
common  seal,  and  given  to  The  Eivers  Purification  Asso- 
ciation (Limited),  with  a  statement  appended  thereto  that 
this  Council  have  entered  into  a  contract  with  them  to 
continue  to  carry  on  the  said  system  of  purifying  the 
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sewage  of  this  city,  in  consideration  of  an  adequate 
annual  subsidy  to  the  said  Association.' 

The  Association  here  referred  to  has  been  formed  to 
carry  out  the  requirements  of  the  Eivers  Pollution  Act  by 
the  most  suitable  methods.  It  has  acquired  the  original 
and  recent  patents  for  the  Coventry  process. 

The  process  is  employed  also  at  Nuneaton,  which 
has  a  population  of  7,399,  but  where  there  are  no 
water-works  and  only  a  few  water-closets  in  use,  the 
sewage  being  chiefly  derived  from  fellmongers'  works 
situated  on  the  outskirts  of  the  town.    In  the  year  1872 
the  Local  Board  of  Health  constructed  precipitation  works 
for  deahng'with  127,000  gallons,  the  estimated  daily  flow 
of  sewage.    The  works,  in  an  incomplete  state,  were 
handed  over  to  the  General  Sewage  and  Manure  Com- 
pany in  that  year,  with  a  condition  that  the  Company 
should  complete  them,  pay  rent  for  the   same,  and 
purify  the  sewage  at  their  own  cost.    The  Company 
completed  them,  but  the  volume  of  sewage  from  the  feU- 
mongers'  works,  and  from  leakage  of  subsoil-water  into 
the  sewers,  having  increased  to  300,000  gallons  a  day,  the 
pumps  and  machinery  had  to  be  enlarged.    This,  how- 
ever, had  scarcely  been  done  when,  at  times  (in  wet 
weather  especially),  the  flow  of  the  sewage  still  increasing 
reached  as  much  as  400,000  to  500,000  gallons  a  day, 
and,  as  all  this  had  to  be  hfted  40  feet  at  the  Company's 
expense,  it  necessitated  a  further  enlargement  of  the  works. 
The  Company  being  reluctant  to  continue  so  losing  an 
undertaking,  in  the  early  part  of  the  year  1875  the 
Local  Board  of  Health  applied  to  the  Court  of  Chancery 
to  compel  them  to  pump  the  whole  of  this  volume, 
and  also  to  make  the  necessary  additions  and  en- 
largements to  the  works  for  the  piupose  of  treating  it. 
The  Court  of  Chancery  ruled  that  the  Company,  under 
their  agreement,  must  do  this,  and  issued  an  Order  ac- 
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cordiugiy,  under  penalty  of  sequestration  if  the  Order 
were  not  complied  with.  The  Company  did  comply  with 
this  Order,  and  having  enlarged  the  works  they  were  put 
in  operation  in  November,  1875.  The  treatment  of 
sewage  was  renewed,  and  continued  with  satisfaction  to 
the  Court  of  Chancery  up  to  August,  1876,  when  the 
Company  stopped,  and  the  works  came  into  the  hands  of 
the  Local  Board.  The  effluent  water  at  Nuneaton  was 
filtered  through  two  acres  of  land,  and  in  most  respects 
the  process  carried  on  was  similar  to  that  at  Coventry. 
The  yield  of  manure  was  about  a  ton  a  day :  and  the 
working  expenses  were  (exclusive  of  pumping  the  sewage, 
which  cost  300/.  a-year)  as  follows  : — 


Labour  and  management 
Coal 

Alumina  . 
Lime 

Contingencies 


Per  week. 

£    s.  d. 

4    6  0 

10  0 

1  10  0 

15  0 

0    5  0 


Total 


8    6  0 


This,  together  with  interest  on  capital  expended  on 
works  at  5  per  cent.,  made  it  about  the  same  as  that  of 
Ccrventry,  viz. :  Is.  8d.  per  head  per  annum  of  the  popu- 
lation, exclusive  of  any  revenue  from  sale  of  manure. 
The  sewage  of  Nuneaton  is  of  a  very  offensive  character, 
owing  to  the  presence  of  a  large  quantity  of  manufacturing 
refuse. 


The  Native  Guano,  or  A  B  C  Peocess,  patented 
in  1868  by  Messrs.  Sillar  and  Wigner,  consists  mainly  in 
the  use  of  alum,  blood,  and  clay.  One  of  the  first  trials 
with  it  was  made  at  Leicester,  in  1868,  by  the  Kivers' 
Pollution  Commissioners  (under  the  superintendence  of  the 
patentees),  where  it  was  tested  in  comparison  with  treat- 
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ment  by  lime.  The  constituents  used  under  the  patent 
at  that  time  for  ordinary  sewage  were  as  follows  :— 


Alum  . 
Blood 
Clay  . 
Magnesia 

Manganate  of  potasli 
Burnt  clay 
Chloride  of  sodiura 
Animal  charcoal 
Vegetable  charcoal 
Magnesian  limestone 


Parts. 
600 
1 

1,900 
5 

10 
25 
10 
15 
20 
2 


About  4  lbs.  of  this  mix- 
ture were  added  to 
1,000  gallons  of  sew- 


age. 


or  1  ton  15  cwt. 


80  lbs.  per  million 
gallons ;  and  the  sedi- 
ment or  sludge  treated 
with  a  small  quantity 
of  sulphuric  acid  was 
dried  into  a  manure. 


Although  no  account  of  the  cost  of  manipulation  is 
recorded,  the  other  results  of  these  experiments  are  thus 
given  : — 

'  I.  The  Sillar  and  Lime  processes  remove  to  a  great 
and  nearly  equal  extent  the  suspended  matters  contained 
in  sewage. 

'  II.  Sillar's  process  increases  the  amount  of  dissolved 
sohd  matters  in  sewage,  but  reduces  the  quantity  of  pu- 
trescible  organic  matter.  The  Lime  process  reduces  both 
the  amount  of  dissolved  sohd  substances  and  the  quantity 
of  putrescible  organic  matter ;  the  reduction  of  the  last 
being  about  the  same  as  that  effected  by  Sillar's  process, 
viz.:  rather  more  than  one-half. 

'  III.  Both  processes  fail  in  purifying  sewage  to  such 
an  extent  as  to  render  it  admissible  into  running  water. 

'  IV.  For  the  manufacture  of  solid  manure  from  sewage, 
Sihar's  process  is  greatly  superior  to  the  method  of  treat- 
ment by  lime,  although  it  fails  to  extract  from  the  liquid 
more  than  a  very  small  fraction  of  its  valuable  con- 
stituents.' 

The  removal  of  organic  matter  from  the  sewage  did 
not  appear  to  differ  much  in  both  processes,  and  the 


>  Ist.  Kep.  Riv.  Pol.  Com.,  1868,  pp.  53,  65. 
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chemical  value  of  the  resulting  manure  was  put  as 
follows  : — 


Manure  from  lime  process  . 
„  SiUar's  process 


£    s.  d. 

0  13    6^  per  ton. 

1  13    Of  „ 


In  the  year  1869  the  process  was  in  operation  at 
Leamington;  filtration  of  the  effluent  water  through 
animal  charcoal  was  added,  and  the  Eivers'  Pollution 
Commissioners  again  inspected  its  working.  The  weather 
on  that  occasion  being  most  unfavourable,  the  Com- 
missioners did  not  obtain  any  results,  but  did  so  upon  a 
subsequent  inspection,  when  the  specification  was  varied, 
and  the  constituents  used  were  as  follows : — ^ 


Alum 

Sulphate  of  alumina 
Clay 

Animal  charcoal 

Clay  and  blood,  containing 
pints  of  blood 

Mixture  of  potash,  carbonate  of 
potash,  and  carbonate  of  soda 

Previously  manufactured  ma- 
nure    .         .         .  . 

Strong  solution  of  perchloride 
of  iron 


"^2 


Cwt. 

qrs.  lbs. 

1 

2 

0 

0 

o 
O 

7 

About  7-3  lbs. 

8 

0 

0 

of  this  mix- 

0 

2 

0 

ture  were 
added  to 

0 

1 

12 

1,000  gal- 
lons of  sew- 

0 

0 

6 

age,  or  3  tons 
5  cwt.  20  lbs. 

0 

0 

14 

per  million 
gallons. 

1  pint  J 


At  a  further  inspection  by  the  Commissioners  at  Lea- 
mington, on  the  10th  May,  1870,  the  specification  was 
again  varied,  and  the  ingredients  used  were  as  follows  : — 


Ammonia  alum  . 
Clay  (moist) 
Animal  charcoal  . 
Vegetable  charcoal 
Epsom  salts 
Blood   in  a 


Cwt.  qrs.  lbs. 
3  0  0 
0  0 
0  15 
0  20 
0  20 


6 
0 
0 
0 


pailful  of  clay- 


magma 
Eiver  water 


0    0  4 
about  1,135  gallons 


About  8  lbs. 
solid  of  this 
mixture 
were  added 
to  1,000  gal- 
lons of  sew- 
age, or  3  tons 
11  cwt.  48 
lbs.  per  mil- 
lion gallons. 


2nd  Rep.  Riy.  Pol.  Com.,  1868,  pp.  10-18. 
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The  cost  of  these  ingredients  is  said  to  havebeen 
15^.  18s.  per  milHon  gallons  of  sewage.^  Analyses 
of  the  results  of  these  experiments  are  given  in  the 
Appendix. 

The  process  was  eventually  given  up  at  Leamington, 
and  arrangements  entered  into  with  the  Earl  of  Warwick 
for  disposing  of  the  sewage  upon  land. 

The  next  practical  test  of  this  process  was  at  Ceossness, 
where  the  Native  Guano  Company  obtained  a  concession 
of  sewage  from  the  Metropohtan  Board  of  Works,  and 
erected  works  at  the  Southern  Metropolitan  outfall, 
capable  of  treating  500,000  gallons  of  sewage  daily. 
In  order  that  the  results  should  be  imquestioned,  the 
works  were  placed  under  the  immediate  superintend- 
ence of  the  engineer  and  the  chemist  of  the  Metro- 
politan Board,  whose  reports  thereon  were  published  in 
January,  1873.^  From  them  the  following  facts  are 
gathered.  The  working  extended  over  eighty  days 
(nights  and  Sundays  being  excluded),  and  during  that 
period  11,672,737  gallons  of  sewage  were  treated  with 
upwards  of  166  ^  tons  of  A  B  C  mixtiure  (which  differed 
from  that  which  had  been  employed  at  Leicester  and 
Leamington),  and  was  as  follows : — 


Parts 

Sulphate  of  alumina  2 "5 
Charcoal  .  .  14*5 
Clay  .  .  .13-0 
With  a  little  blood  and 
occasionally  lime. 


32  lbs.  of  this  mixture  were  added 
to  1,000  gallons  of  sewage,  or 
14  tons  5  cwt.  80  lbs.  per 
million  gallons. 


The  yield  of  dry  maniu'e  at  the  conclusion  of  the 
experiments  was  142  tons,  of  which  it  is  calculated  that 
about  61  were  obtained  from  the  sewage  and  81  added  in 


*  Proc,  Inst.  0,E.,  vol,  xlv.,  p.  159. 

»  Tn^  Standard,  Jan.  23, 1873, 

^  Containing  only  81  tons  of  dry  material. 
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the  A  B  C  mixture ;  in  other  words,  a  million  gallons  of 
sewage  yielded  5^  tons  of  manure,  exclusive  of  the  mix- 
ture added  for  its  precipitation,  and  12  J  tons  inclusive 
of  that  mixture.  There  was  no  nuisance  attending  the 
process,  the  effluent  water  was  clear  and  good.  The 
cost  of  the  ingredients  was  24/.  9s.  M.  for  one  million 
gallons  of  sewage.  The  cost  of  production  of  the  manure 
is  given  as  6/.  65.  ^d.  per  ton,  exclusive  of  rent,  interest  on 
capital,  depreciation  of  plant  and  other  incidental  items, 
being  equivalent  to  a  cost  of  76/.  Gs.  per  miUion  gallons 
of  sewage.^  This  heavy  cost  has  been  clearly  shown  by 
the  Company  to  be  due  to  exceptional  circumstances,  and 
cannot  therefore  be  regarded  as  a  fair  test  of  the  expense. 
The  analysis  of  the  manure  produced  shows  that  it  con- 
tained 0-929  per  cent,  of  ammonia,  and  0*760  per  cent, 
of  phosphoric  acid  :  hence  its  chemical  value  was  barely 
20s.  per  ton. 

Experiments  with  the  process  have  also  been  tried  at 
Tottenham,  but  they  were  on  a  small  scale,  and  were 
abandoned  without  any  data  as  to  results  having  been 
published. 

A  branch  Company  was  formed  for  treating  the 
sewage  of  Hastings  by  this  process,  and  very  complete 
works  were  erected  for  that  purpose,  and  although  some 
of  the  manure  found  a  market  in  the  hop-growing  dis- 
tricts of  the  south-east  of  England,  the  undertaking  fell 
into  liquidation  and  was  abandoned. 

At  Bolton,  Lancashire.,  the  process  was  tried,  in 
1872-73,  for  thirty-two  months.  This  place  has  a  popu- 
lation of  about  93,000,  and  at  that  time  had  an  average 
daily  flow  of  manufacturing  sewage  amounting  to  2,500,000 
gallons. 

In  1870  the  Corporation  entered  into  an  agreement 

^  For  details  of  these  expenses,  which  include  the  cost  of  pumping  the 
sewage,  see  Proc.  lust.  0.  E.,  vol.  xlv.,  p.  146. 
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with  the  Native  Guano  Company,  whereby  they  con- 
tracted to  erect  works  at  a  cost  of  £16,578,  and  the  Com- 
pany undertook  to  defecate  and  purify  the  sewage.  The 
Corporation  agreed  to  pay  the  working  expenses  of  the 
process,  and  to  dehver  to  the  Company  one-fourth  of  tlie 
manure  made  at  the  works,  A  portion  of  the  sewage 
only  was  dealt  with,  and  the  following  is  given  as  the 
particulars  of  treating  a  daily  flow  of  1,035,000  gallons 
for  a  period  of  hl\  hours. ^  The  chemicals  used  were  as 
follows : — 

Tons  cwt. 

Sulphate  of  alumina  .         .         .         .  ,311 

Clay  6  12 

Carbon  (waste  product  of  prussiate  of  potash 

manufacture)       .  ...    4  1 

Blood,  a  small  quantity 

14  4 


The  cost  as  follows : — 

£   s.  d. 

Labour   11    7  3^ 

Chemicals         .        .        .         .         .     8  12  9^ 

Coal  3    0  0 

Miscellaneous    .        .        .        .        .     0  18  0 

23  18  1 


The  process  has  been  given  up,  it  is  stated,  on  account 
of  its  great  expense,'^  and  another,  which  is  referred  to 
elsewhere,  has  been  substituted. 

At  Southampton,  with  a  population  of  55,800,  and  a 
domestic  sewage,  the  Native  Guano  Company  entered  into 
a  contract  to  deal  with  the  sewage.  About  10,000/.  were 
spent  in  preparing  tanks  and  connecting  sewers,  and  it 
was  estimated  that  the  cost  of  the  works  when  completed 
would  be  21,000/.,  exclusive  of  1,500/.  for  the  purchase 

»  Loc.  Gov,  Bd.  Rep.,  p.  37. 
'  Roseb,  Ret.  p.  18 ;  also  Sec,  Arts,  p.  4. 
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of  land,  and  the  rental  of  other  land  taken  upon  lease/ 
The  sewage  was  to  have  been  dealt  with  at  two  outfalls, 
but  when  the  works  at  the  Belvidere  outfall  only  had  been 
partially  constructed,  the  contract  was  cancelled,  and  the 
undertaking  abandoned.  No  results  have  therefore  been 
obtained  at  this  place,  where  the  sewage  flows  as  before 
untreated  direct  into  the  Southampton  Water.  These 
contracts  appear  to  have  been  entered  into  upon  the 
erroneous  supposition  that  a  profit  would  be  derived  from 
the  manufacture  of  sewage  manure. ' 

At  Leeds,  this  process  has  been  more  fully  developed 
than  at  any  other  place.  The  borough  of  Leeds  contains 
a  population  of  291,580.  The  district  at  present  sewered 
comprises  the  townships,  of  Leeds,  Hunslet,  Holbeck,  and 
St.  John's,  Wortley,  an  area  of  about  4,900  acres,  con- 
taining a  population  of  245,000.  There  are  about  8,500 
water-closets  in  use,  and  the  sewage,  which  amounts  to 
an  average  daily  flow  of  9,000,000  gallons,^  contains  a 
large  quantity  of  manufacturing  refuse  from  cloth  dyers, 
tanners,  and  curriers'  factories,  &c.  Having  abandoned 
the  use  of  hme  and  the  idea  of  irrigation,  both  of  which 
are  referred  to  elsewhere,  and  being  under  legal  pressure 
to  purify  the  sewage,  the  Corporation  of  Leeds,  in  August, 
1870,  entered  into  an  agreement  with  the  Native  Guano 
Company  as  follows  : — '  The  Corporation  to  purchase  the 
land  required  for  the  works,  and  grant  a  lease  to  the 
Company  for  twenty-four  years.  The  Corporation  to 
construct  works  capable  of  purifying  2,000,000  gallons 
of  sewage  per  day,  the  cost  of  these  works  not  to 
exceed  6,000/.  exclusive  of  land  ;  and  afterwards,  if  the 
purification  is  successful,  to  extend  the  works,  to  enable 
the  Company  to  purify  12,000,000  gallons  per  day,  at  a 

1  Rocb.  Ret.  p.  28. 

*  Description  of  the  Leeds  Sewage  Wo7'ks,  &c.,  by  Alfred  W.  Morant, 
0,E„  187G, 
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further  cost  of  14,000/.  If  the  Company  made  any 
profit  then,  they  pay  to  the  Corporation  5  per  cent,  upon 
the  cost  of  the  works,  exclusive  of  land ;  beyond  this  if 
any  profit  remamed,  15  per  cent,  to  be  handed  over  to 
the  Corporation.  The  works  to  be  carried  out  from  the 
plans  and  specifications  provided  by  the  engineer  to  the 
Native  Guano  Company,  and  the  Company  to  be  paid  2  J 
per  cent,  for  such  plans  and  specifications.'  The  Corpora- 
tion at  once  purchased  the  land,  and  performed  their  part 
of  the  agreement  by  erecting  experimental  works,  by 
which,  in  October,  1871,  the  Company  were  able  to  com- 
mence the  treatment  of  about  1,000,000  gallons  of  sewage 
daily.  The  chemicals  or  mixture  used  on  this  occasion 
appears  to  have  been  as  follows  : — 


Tons  cwt.  qrs.  Iba. 
Alum       .        .        .    2  13    1  0 
Carbon  (animal  carbon, 

being    refiise  from 

prussiate   of  potash 


This  quantity  was 
used  per  million 


■works)         .        .2    0    0    0  ^     gallons  of  sew- 


Clay        .  .  .    3  G  2  12 

Blood  mixtiure  .  .0  0  2  0 

Lime       .  .  .    0  1  2  18  ^ 

Total  .  .8  2  0  2 


age. 


The  cost  of  these  ingredients  is  said  to  have  been 
ll.  5s.  After  carrying  on  these  trials- for  some  time,  the 
Company  gave  notice  on  the  14th  of  March,  1873,  that 
they  were  not  in  a  position  to  continue  their  operations 
at  Leeds.  The  Corporation  thereon  agreed  to  release  the 
Company  from  their  contract,  upon  condition  that  they 
were  allowed  to  use  all  or  any  of  the  Company's  patents 
free  of  royalty,  and  took  possession  of  the  works  on  the 
1st  of  June,  1873,  and  invited  other  patentees  to  make 
experiments. 

In  the  meantime,  the  Corporation  were  proceeding 

£  2 
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witli  the  construction  of  the  permanent  works  for  deal- 
ing with  the  whole  of  the  sewage  according  to  their 
original  agreement  with  the  Native  Guano  Company. 
These  works  were  designed  and  erected  specially  for  the 
ABC  process,  and  a  description  of  them  has  recently 
been  published. 

The  cost  of  the  construction  of  these  works  up  to 
the  present  time  has  been  57,543/.  I85.  Id. 

The  Native  Guano  Company,  learning  that  others 
could  purify  the  sewage  in  the  new  works  at  a  cheaper 
rate  than  in  the  old  experimental  works,  were  desirous  of 
trying  the  ABC  process  in  the  former  to  ascertain  if 
they  could  cheapen  it.  They  obtained  permission  to  do 
this,  and  accordingly,  in  June,  1875,  commenced  work- 
ing, again  altering  the  proportions  of  the  ingredients  of 
the  ABC  mixture  by  reducing  the  quantity  of  alum, 
and  using  a  very  much  larger  quantity  of  lime. 

The  materials  used  per  day  of  twenty-four  hours  (on 
an  average  of  nine  days  and  nights)  on  this  occasion  were 
as  follows : — 


Lime 

Animal  carbon  . 
Norris's  alum 
Clay 

Carbolic  sulphite 


Tons  cwt.  qrs.  lbs. 

7    2    3    2  1  2  tons  14  cwt.  7  lbs. 

6  1  0  4  I  of  this  mixture 
3  12    0  12    I    were  added  to  a 

7  10  1  20  million  gallons  of 
0    0    0  271 J  sewage. 


Total  .        .  24    6    2  91 


The  cost  of  these  ingredients  was  21/.  195.  5c?.,  or  at 
the  rate  of  2/.  85.  \M.  for  one  miUion  gallons  of  sewage.^ 

In  a  subsequent  trial  made  for  a  week  in  January, 
1876,  the  following  ingredients  were  used  upon  the 
average  per  day  of  twenty-four  hours  : — 

1  Description  of  the  Leeds  Sewage  Works,  &c. 

2  Ibid.,  and  Sec.  Arts,  p.  38. 
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Lime 
Carbon 

Spence's  alum  , 
Clay  .  . 
Carbolic  sulphite 

Total  . 


Tons  cwt.  qrs.  lbs. 
.  6  13  3  20  ' 
.  8  6  0  24 
.5614 
.  11  2  1  4 
.    0    0    0  51 


.  33    8    3  11 


3  tons  14  cwt.  1  qr. 
6  lbs.  of  this  mix- 

-  ture  were  added 
to  a  million  gal- 
lons of  sewage. 


The  cost  of  these  ingredients  was  29^.  lis.  ^d.  or  at 
the  rate  of  3?.  55.  9c?.  for  one  milHon  gallons  of  sewage. 

An  error  appears  to  have  crept  into  a  certificate  given 
by  the  Sewage  Committee  of  the  Leeds  Corporation  (and 
printed  in  Health  and  Sewage  of  Towns,  Society  of  Arts, 
1876,  p.  40),  as  to  the  cost  of  the  chemicals  per  miUion 
gallons.  It  is  stated  to  be  \l.  Vis.  Oc?.,  but  this  was 
reckoning  the  flow  of  sewage  to  be  between  twelve  and 
fourteen  instead  of  nine  million  gallons  per  day. 

Analyses  of  the  effluent  water  and  of  the  manure  pro- 
duced from  this  trial  are  given  in  the  Appendix. 

The  Company  having  made  "these  experiments,  were 
allowed  to  continue  working  for  a  while,  the  results  of 
which  have  not  yet  been  pubhshed.  Opportunities  were 
then  given  to  other  patentees  to  try  their  processes  on 
the  new  works,  and  the  one  now  under  trial  is  referred 
to  elsewhere. 

The  following  report  of  the  manure  produced  from 
the  ABC  process  at  Leeds,  is  published  : — '  Sixty 
gentlemen  have  made  trials  of  one  or  two  tons  each  of 
the  dried  manure  from  the  ABC  process,  and  the  effect 
on  turnips,  potatoes,  general  garden  produce,  and  grass, 
is  reported  upon  favourably  by  forty  of  them,  and  un- 
favourably by  twenty,'  but  some  of  these  latter  remark 
that  the  season  was  '  too  dry  for  a  fair  trial  to  be 
obtained.' 

The  ABC  process  is  at  present  being  worked  at 
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Aylesbury,  Buckinghamshire  (having  a  population  of 
6,962),  with  the  following  ingredients  : — 


Alum 
Clay 
Blood 
Charcoal  . 
Lime 

A  small  quantity  of  car- 
bolic sulphite 

Total  . 


Tons  cwt.  qrs.  lbs. 


1 

2 
0 
1 
0 


17 

14 
1 
4 
4 


0 
1 


0 
0 


0  14 

0  0 

1  19 


7    0    3  5 


> 


This  quantity  is 
added  to  a  mil- 
lion gallons  of 
sewage.' 


The  results  of  working  at  Aylesbury  have  not  yet 
been  published. 


The  Phosphate  Sewage  Process,  patented  in  1870, 
by  Mr.  David  Forbes  and  Dr.  Astley  Paston  Price,  con- 
sists in  the  use  of  phosphate  of  alumina  and  lime,  the 
former  being  an  expen-sive  chemical,  and  one  chiefly 
imported  from  foreign  countries.  The  object  of  using 
phosphate  of  alumina  is,  that  by  employing  as  a  f)re- 
cipitant  a  material  of  a  high  fertilising  or  manurial 
value,  a  richer  and  more  marketable  manure  will  be 
obtained  than  is  derived  from  precipitants  having  a  less 
recognised  manurial  value. 

The  precipitant  or  phosphate  of  alumina  is  mixed 
with  sulphuric  acid  to  render  it  soluble,  after  which,  it  is 
added  to  the  sewage,  together  with  a  certain  quantity  of 
hme  to  aid  precipitation.  About  three  years  ago  the 
process  was  experimentally  in  operation  for  a  few  months 
at  the  Lodge  Farm,  Barking,  where  small  quantities  of 
the  Metropolitan  sewage  were  treated  by  it.  It  is  stated 
that  the  manure  produced  from  this  sewage  contained  an 
average  of  about  2-|  per  cent,  ammoniacal  matter,  and  22 

^  DescnjJtton  of  the  Leeds  Seivage  Worlcs,  ^-c. 
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per  cent,  precipitated  phosphate.^  It  was  advertised  at 
M.  per  ton  in  railway  trucks,  but  no  results  of  these  trials 
in  a  financial  point  of  view  have  been  pubhshed,  and 
they  have  been  abandoned. 

At  Heetfoed  the  process  has  been  in  operation  for 
about  two  years,  but  at  what  cost  to  the  Company  work- 
ing it  is  not  stated.  The  Corporation  of  Hertford  have, 
however,  every  reason  to  be  satisfied  with  the  favourable 
arrangement  they  have  been  able  to  make. 

Hertford  has  a  population  of  7,169.  Water-closets 
are  in  general  use,  and  the  sewage  contains  refuse  from 
breweries.    As  this  town  is  situated  on  the  Eiver  Lee, 
from  whence  the  New  Eiver  Company  draws  its  supply  of 
water,  that  Company  spent  28,000?.  in  the  construction 
of  requisite  sewage  works,  and  further  pay  the  Corpora- 
tion 600?.  a  year  to  deal  with  the  sewage,  so  as  to  prevent 
the  pollution  of  the  river.^    For  sixteen  years,  from  1858 
until   1875,  the  lime  process  was  used,  at  an  annual 
working  cost  of  410?.  a  year,  and  was  then  given  up  as 
being  both  expensive  and  unsatisfactory,^  and,  further, 
because  the  Phosphate  Sewage  Company  offered  to  lease 
the  sewage  works,  paying  100?.  a  year  rental,  and  re- 
ceiving 300?.  a  year  for  the  treatment  of  the  sewage,  thus 
leaving  the  Corporation  a  clear  profit  of  400?.  a  year. 
The  Company  evidently  rely  upon  the  sale  of  the  manure 
to  cover  their  expenses  and  make  a  profit,  as  7<i.  per  head 
of  the  population  is  an  inadequate  allowance  for  carry- 
ing on  an  efficient  process.    The  results  to  the  Company 
have  not  yet  been  published,  but  chemists  seem  to  be 
of  opinion  that  phosphates,  when  used  in  this  manner, 
become  deteriorated,  and  that  being  put  into  the  sewage 
in  a  soluble  form,  they  come  out  in  the  sludge  in  a  more 
or  less  insoluble  condition ;  therefore,  tlie  value  of  the 
manure  is  not  increased  to  the  extent  anticipated.    It  is 

1  Soc.  Arts,  p.  37.  ^  Ihiil,  p,  0.  »  Roseb.  Rot.  p.  14. 
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also  stated  to  be  a  fact  that  some  of  the  fertilising 
elements  in  the  chemicals  added  to  the  sewage  flow  away 
in  the  effluent  water,  and,  therefore,  are  not  returned  in 
the  sludge  as  manure.     These  two  practical  results  are 
unfavourable,  however  satisfactory  the  sanitary  results 
of  the  jDrocess  should  prove  to  be.    There  is  an  opinion 
that  effluent  waters  from  phosphate  processes  must  be 
filtered  in  order  to  sufficiently  purify  them.    In  reference 
to  an  effluent  water  containing  phosphate  of  hme,  Mr. 
Crookes  has  recently  stated  :  '  Another  point  proved  many 
years  ago  by  Professor  Heisch  was  this,  that  you  must  not 
have  phosphoric  acid  in  the  effluent,  or  there  would  be 
a  great  tendency  to  produce  the  low  confervoid  growth, 
commonly  called  sewage  fungus,  that  was  a  great  difficulty 
with  any  process  which  had  any  phosphate  in  it.'  ^ 


Bied's  Process  employs  what  is  called  sulphated 
clay.  This  is  a  simple  mixture  of  sulphuric  acid  and 
common  clay,  in  the  proportion  of  4  to  9  parts  by  weight 
of  the  latter  to  1  of  the  former.  It  has  been  tried  at 
Cheltenham,  previous  to  the  adoption  of  irrigation  there, 
but  was  not  found  to  be  satisfactory.^  It  has  been  for 
some  time,  and  is  at  present,  in  use  by  Bird's  Sewage 
Company  at  Stroud,  Gloucestershire,  with  a  population 
of  8,000,  and  sewage  of  a  manufacturing  character  con- 
taining refuse  from  cloth  mills,  &c.,  amounting  to  an 
average  daily  flow  of  about  640,000  gallons ;  the  pro- 
portion being  1  ton  15  cwt.  40  lb.  of  mixture  per  mil- 
lion gallons  of  sewage,  the  whole  of  the  solids  being 
added  to  the  sewage.  In  1868  the  Eivers'  Pollution 
Commissioners  investigated  these  works,  when  from 
150,000  to  200,000  gallons  of  sewage  were  treated  with 

1  Soc.  Arts,  p.  80. 

'  Eoseb.  Ket.,  p.  13 ;  Eoch.  Eet.,  p.  7. 
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6cwt.  of  pulverised  clay,  to  whicli  120  lbs.  of  sulphuric 
acid  had  been  added,  forming  the  so-called  sulphated 
clay.  At  that  time  the  effluent  water  was  filtered  through 
coke.  They  reported  as  follows  ^  (analyses  of  average 
samples  are  given  in  the  Appendix)  :— '  It  is  evident, 
first,  that  the  sewage  was  very  weak ;  and,  second,  that 
the  effluent  hquid,  though  much  improved,  was  still  not 
of  the  degree  of  purity  which  would  render  it  admissible 
without  nuisance  into  a  clean  river.  Moreover,  if  stronger 
sewage  were  treated,  the  effluent  water  would  doubtless 
be  still  more  objectionable.  It  was  always  somewhat 
turbid,  but  nearly  inodorous.' 

In  the  year  1875,  the  proprietors  cf  this  process 
applied  to  the  Court  of  Chancery  to  grant  an  injunction 
restraining  the  proprietors  of  the  Coventry  process  from 
continuing  the  works  at  that  place,  upon  the  ground  that 
the  Coventry  process  was  an  infringement  of  their  patent. 
After  a  long  trial  in  the  EoUs  Court  and  a  subsequent 
appeal  to  the  Lords  Justices,  in  both  instances  it  was 
ruled  that  the  Coventry  process  was  not  an  infringement 
of  Bird's  patent. 


Stothert's  Peocess,  patented  in  1852,  employs  lime, 
sulphate  of  alumina,  sulphate  of  zinc,  and  charcoal.  To 
each  gahon  of  sewage  is  added  73 1  grains  of  sulphate 
of  alumina,  3 J  grains  of  sulphate  of  zinc,  73  J  grains  of 
moderately-fine  charcoal,  and  22  grains  of  slaked  quick 
lime. 

It  does  not  appear  that  this  process  has  been  practi- 
cally in  operation  at  any  place.  It  has  been  said  of  it : 
'  The  result  difiers  from  that  of  the  lime  process  only  in 
that  the  clarification  is  more  complete,  that  the  phos- 
phoric acid  is  all  precipitated  in  the  form  probably  of 

1  First  Eep.  Riv.  Pol.  Com,;  18G8,  p.  58. 
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phosphate  of  alumina,  and  that  the  manure  contains  much 
more  worthless  matter  derived  from  the  precipitating 
mixture.'  ^ 


n. — Processes  which  employ  Lime  as  the  chief 
Precipitating  Agent. 

Hille's  Peocess,  patented  in  1870,  employs  hme, 
tar,  salts  of  magnesium,  or  other  chemicals,  and  the 
products  arising  from  the  calcination  of  hme,  the  effluent 
water  being  afterwards  filtered,  either  through  artificial 
filters  or  through  land,  or  it  may  be  used  for  irrigation 
purposes.  The  patentee  starts  with  the  following  common- 
sense  and  commendable  assertion  :  '  I  do  not  propose  to 
manufacture  from  sewage,  water  fit  for  drinking  pur- 
poses, or  a  highly  valuable  artificial  manure.  But  I  do 
profess  to  produce  by  my  process  an  effluent  water,-  at  a 
reasonable  cost,  which  is  good  enough,  for  all  practical 
and  sanitary  purposes,  to  be  discharged  into  any  river, 
and  a  sewage  deposit  which  is  perfectly  harmless  and 
inoffensive.'  ^ 

The  process  is  in  operation  at  the  following  places : — 
Edmonton,  Middlesex^  with  a  population  of  15,000, 
and  an  average  daily  flow  of  about  800,000  gallons  of 
sewage  of  a  domestic  and  dilute  character.  The  sewage 
is  pumped  to  a  height  of  27  feet.  The  Local  Board 
possess  about  114  acres  of  land,  purchased  for  a  farm, 
which  is  used  as  an  auxiliary  to  the  process.  It  is  stated 
that  26,200/.  have  been  spent  on  sewage  works,  and  that 
the  cost  of  carrying  them  on  with  this  combined  process 
diu-ing  four  months  was  at  the  rate  of  750/.  per  annum,^ 

1  Treatment  and  Utilisation  of  Sezvar/e,  by  M.  II,  Oorfield,  M.A.,  M.B., 
1870,  p,  211. 

*  Pamphlet  by  F.  Ilille,  187G.  '  Roseb.  Ret.,  p.  28. 
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but  the  details  of  this  sum  are  not  given,  and  the  com- 
plete cost  of  treatment  has  not  elsewhere  been  pubhshed, 
excepting  as  stated  by  Mi\  Eachus,  that  '  the  results  of 
six  months  trial  at  Edmonton  were  found  to  be  that  both 
irrigation  and  a  precipitation  process,  that  known  as  Hille's, 
had  cost  the  Local  Board  in  each  case  about  the  same, 
namely,  U.  per  miUion  gallons  treated,  or  Is.  2d  per 
head  per  annum,  inclusive  of  hiterest  on  capital  expended 
for  the  two  systems.'  ^ 

The  materials  are  added  to  the  sewage  ui  the  form  of 
a  thick  fluid  compound  in  the  proportion  of  3  tons  7  cwt. 
to  a  miUion  gallons  ;  but  the  proportion  of  moisture  in  this 
fluid  mixture  is  not  given.  The  residue  from  each  day's 
sewage  is  stated  to  be  3  tons,  and  its  theoretical  value  to 
be  265.  per  ton.^ 

Tottenham,  Middlesex,  with  a  population  of  23,000  ; 
about  5,000  water-closets  are  in  use,  and  there  is  a 
domestic  sewage  (the  refuse  from  India-rubber  mills 
being  now  kept  out  of  the  sewers)^  amounting  to  an 
average  daily  flow  of  about  1,200,000  gallons.  The  pro- 
cess has  only  recently  been  put  in  operation.  It  is  stated 
that  upwards  of  11,000^.*  have  been  expended  on  sewage 
works,  and  that  the  cost  of  carrying  on  such  works 
during  the  year  1875  was  1,979/.^ 

Grantham,  and  also  at  Taunton,  the  process  has  been 
experimentally  in  operation,  and  is  about  to  be  adopted 
at  the  latter  place. 

Wimbledon,  Surrey,  with  a  population  of  12,500  ; 
the  process  was  tried  here  on  temporary  works  for  six 
years,  and  gave  sufficiently  favourable  results*^  to  induce 
the  local  authorities  to  adopt  it,  and  to  construct  per- 
manent works.    In  these  works  provision  has  been  made 

^  Proc.  lust.  O.E.,  vol.  xlv.  p.  199. 

2  Pamphlet  by  F.  HiUe,  1876.         Roseb.  Ret.,  p.  29.         ^  Ibid. 

^  Roseb.  Ret.  and  Soc.  Arts,  p.  16. 

"  For  analyses  of  effluent  water  and  manure,  see  Appendix. 
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for  an  increase  of  population  to  45,000.  Fifty  acres  of 
laud  have  been  acquired  (forty  of  which  are  for  filtration 
of  the  effluent  water)  at  a  cost  of  15,550/.  The  taalcs, 
pumping  station,  and  other  necessary  works,  have  cost 
20,550/.,  and,  inclusive  of  28,500/.  spent  upon  sewers,  the 
entire  works  are  estimated  to  have  cost  72,000/.^ 

Ko  further  details  of  the  complete  cost  of  this  process  ■ 
or  of  the  weight  and  value  of  the  products  are  as  yet 
pubhshed,  but,  according  to  a  report  of  Capt.  Flower, 
engineer  to  the  Lee  Conservancy  Board,  the  process  ap- 
pears to  have  afforded  satisfaction  in  the  Lee  Valley.^ 


Marsden  and  Collins'  Peocess  employs  Hme,  carbon 
(a  waste  product  of  prussiate  of  potash  mauufactui-e), 
house  ashes,  soda,  and  perchloride  of  iron.°  It  is  in 
o|)eratiou  at  Bolton,  Lancashire,  where.it  was  first  em- 
ployed about  two  years  ago  after  trial  of  the  ABC  pro- 
cess. Bolton  has  a  population  of  about  93,000,  and  there 
are  about  758  water-closets  in  use.  The  sewage  contains 
manufacturing  refuse  from  bleach  works,  dye  works, 
tanneries,  and  paper  works.  It  is  estimated  that  when 
the  sewers  are  completed  the  average  daily  flow  of 
sewage  will  amount  to  5,000,000,  at  present  the  flow 
amounts  to  about  4,000,000  gallons  a  day,  but  about 
3,500,000  gallons  have  as  yet  been  intercepted, 
and  only  2,500,000  gallons  flow  to  the  sewage  works, 
1,500,000  going  direct  into  the  river  Croal.  The  amount 
spent  upon  the  works  is  stated  to  have  been  16,578/.,  and 
upon  the  intercepting  sewers  10,286/.,  making  a  total  of 
26,864/.*    The  sewage  is  treated  only  from  8  a.m.  to  6 

^  An  account  of  these  works  is  given  in  the  Standard,  Oct.  18, 1876. 

*  See.  Arts,  p.  41. 

^  Soc.  Arts,  p.  3 ;  and  Loc.  Gov.  Bd.  Kep.,  p.  38. 

*  Eoseb.  Ret,,  p.  18  ;  and  Loc.  Gov.  Bd.  Rop.,  pp.  37  and  liii. 
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P.M.  on  week  days,  and  not  at  all  on  Sundays,  or  for 
only  57.!,  hoiu-s,  instead  of  continuously  for  168  hours 
in  every" week.  During  the  remainder  of  the  time  it  flows 
direct  into  the  river.  Therefore  only  a  small  portion 
of  the  whole  is  dealt  with.  The  sludge  from  this,  which 
amounts  to  about  70  tons  per  fortnight,  is  not  dried,  but 
is  thrown  into  heaps  at  the  sides  of  the  tanks. 

The  following  is  given  as  the  cost  of  chemicals  and 
labour  per  week : — 

Tons  cwt. 

Lime  .  .  .73  "|  About  1  ton  18  cwt.  of  this 
Carbon  .  .  .  2  15  }-  is  added  to  1,000,000 
Salts,  &c.  (not  stated)  .  J     gallons  of  sewage. 

Total  .        .    9  18 

The  cost  of  the  above  was  8^.  35.  9J.  or  about 
\l.  7s.  3d.  per  million  gallons  of  sewage. 

The  cost  of  labour,  &c.  for  the  same  was  111.  35.  (3d. 
or  11.  17 s.  Sd.  per  million  gallons  of  sewage. 

To  this  would  have  to  be  added  cost  of  drying  sludge, 
management,  repairs,  and  interest  on  capital  expended  on 
works. 

The  cost  of  dealing  with  about  one-sixth  of  the  whole 
sewage  (303,000,000  gallons  a  year)  is,  therefore,  exclu- 
sive of  drying  the  sludge  and  management,  but  inclusive 
of  5  per  cent,  interest  upon  capital,  about  2,349/.  per 
annum,  or  at  the  rate  of  about  71.  lis.  b\d.  per  million 
gallons,  or  about  6c?.  per  head  of  the  population. 

Analyses  of  effluent  water  and  manure  resulting  from 
this  process  are  given  in  the  Appendix.  The  latter  (con- 
taining 15  per  cent,  of  moisture)  is  stated  to  be  theo- 
retically worth  11.  Is.  Id.  per  ton,  and  to  have  a  market 
value  of  75.  to  IO5.  M.  per  ton.^  The  sludge  not  being 
dried  prevents  the  cost  of  producing  the  manure  from 
being  ascertained.    There  is  a  difficulty  in  disposing  of 

^  Loc,  Gov.  Bd.  Rep.,  pp.  41  aud  Iziii. 
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this  stuff  to  the  farmers.  Some  of  it  has  been  mixed 
with  refuse  from  middens  and  sold  at  I5.  per  ton.  The 
effluent  water  it  will  be  observed  is  not  filtered,  and  is 
not  particularly  good. 


Holden's  Peocess  employs  sulphate  of  iron,  hme, 
and  coal-dust  (clay  being  also  mentioned  in  the  patent). 
It  was  tried  at  Bradfoed,  in  1868,  on  a  portion  of  the 
sewage,  amounting  to  130,000  gallons  a  day,  and  was 
investigated  by  the  Elvers'  Pollution  Commissioners,  who 
state  that,  '  while  it  separated  the  whole  of  the  suspended 
matters,  it  not  only  failed  to  remove  the  putrescible  organic 
matters  in  solution,  but  actually  (as  measured  by  the 
organic  nitrogen  contained  in  these  organic  matters) 
increased  their  quantity.  This  it  does  by  causing  some  of 
the  putrescible  organic  matter  in  suspension  in  the  original 
sewage  to  pass  into  solution.  The  effluent  water  could 
not,  therefore,  be  admitted  into,  rivers  without  causing 
pollution.'  The  Commissioners  also  say,  '  It  further 
appears  that  the  amount  of  sulphate  of  lime  in  the 
effluent  water  is  so  great  as  to  give  it  a  very  objectionable 
amount  of  permanent  hardness.  As  to  the  manure  pro- 
duced, it  is  obvious,  without  any  analysis  of  it,  that  it 
does  not  contain  much  valuable  matter  ;  in  fact,  100 
parts  of  it  only  contained  -555  of  organic  nitrogen,  -004 
of  ammonia,  and  -3  of  phosphoric  acid;  a  manure  of  the 
above  composition  must  be  considered  as  practically 
worthless.'  ■'• 


Fulda's  Peocess,  which  has  been  recently  patented, 
employs  principally  lime  and  sulphate  of  soda.  It  has 
been  tried  on  a  small  scale  at  Messrs.  Pratt's  cloth  mills, 

'  First  Eep.  Riv.  Pol.  Com.,  1868,  p.  CO. 
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Yeadon,  near  Leeds,  and  at  the  Bramley  Union  Work- 
house, and  in  September  and  October,  1873,  it  was  tried 
on  some  of  the  sewage  of  Leeds  at  the  experimental  works 
there.  The  results  of  this  trial  are  not  given,  but  it  was 
not  continued.  It  is  said  that  the  effluent  was  not  satis- 
factory, and  that  the  patentee  did  not  fully  reveal  the 
process. -"^ 


Blythe's  Peocess,  patented  in  1858,  employs  super- 
phosphate of  lime  with  magnesia  and  lime.  It  has  not 
been  practically  put  into  use,  but  was  investigated  by  the 
Sewage  Commissioners,  who  reported  upon  it  unfavour- 
ably in  its  results,  and  as  being  the  most  costly  of  all  the 
plans  that  have  been  proposed,  as  stated  in  Corfield's 
work  oh  sewage,  p.  209. 


Whittheead's  Peocess,  patented  in  1872,  employs  a 
mixture  of  dicalcic  and  monocalcic  phosphate  (the  latter 
being  added  as  commercial  superphosphate),  and  also  a 
little  milk  of  hme,  the  object  being  to  recover  in  the  ma- 
nure the  whole  of  the  phosphoric  acid.  An  experiment 
was  tried  with  it  on  a  small  scale  on  Colonel  Hope's 
sewage  farm  at  Eompoed,  and  he  (speaking  at  the  Social 
Science  Congress  in  1872)  referred  favourably  to  those 
experiments.  It  was  next  tried  in  1874,  at  Luton,  Bed- 
fordshire, with  a  population  of  17,316,  but  the  autho- 
rities there  disapproved  of  it,  and  it  was  not  adopted.^ 

In  the  same  year  an  experiment  was  made  on  a 
portion  of  the  sewage  of  Enfield  with  the  view  of  making 
a  valuable  manure  out  of  the  sludge.  It  is  stated  by  Capt. 
Flower  that  this  trial  was  more  satisfactory  than  irriga- 
tion, and  that  apart  from  the  smell  of  the  sludge  and  the 

^  Soc.  Arts,  p.  38 ;  and  Eoch.  Bet.,  p.  27.       ^  Uq^.^^  j^^^^  ^  2G. 
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cost,  it  was  an  improvement  upon  the  lime  process;  it 
appears,  however,  to  have  been  considered  very  expensive, 
and  was  not  continued.^ 

Towards  the  latter  part  of  the  same  year  a  private 
company,  called  the  Eivers'  Protection  and  Manure 
Company,  Limited,  was  formed  for  the  purpose  of  working 
an  agreement  with  the  Local  Board  of  Tottenham  for  the 
treatment  of  the  sewage  of  the  town. 

Tottenham  has  a  population  of  23,000.  There  are 
about  5,000  water-closets  in  use,  and  the  sewage  is  purely 
domestic,  reftise  from  the  india-rubber  works  in  the  locahty 
being  now  kept  out  of  the  sewers.^  The  daily  flow  is  said 
to  amount  to  the  unusually  large  quantity  of  1,200,000 
gallons.  The  result  of  several  months'  workmg  of  the  pro- 
cess at  this  place  is  thus  given  :  ^ — 2  lbs.  of  dry  chemicals 
were  added  to  1,000  gallons,  or  18  cwt.  per  million 
gallons  of  sewage.  The  cost  of  these  chemicals  was 
3^.  25.  0^^. 

The  sludge  was  dried  partially  in  tanks  and  finally  in 
Milburn's  machine,  and  the  maniure  produced,  when  dried, 
bagged,  and  loaded  for  sale,  was  estimated  to  cost  per  ton, 
as  follows : — 

£   s.  d. 

Chemicals  .         •         •         •         .    1  14  2 

Coals  for  drying  .  .  •  •  '  ^  "'"n  ^ 
Labour     .         .         •         •         •         .10  7 

Total  3    8  9 


The  quantity  produced  was  equal  to  about  32  tons 
per  week.    By  analysis  it  contained — 

About   2  per  cent,  of  ammonia,  _ 

8         „        phosphoric  acid  in  precipitated  pliosphates, 
equal  to  17  tricalcic  phosphate, 

5    „     „  potash, 

1  See.  Arts,  p.  42.  '  Roseb.  Ket.,  p.  29. 

»  Proc.  Inst.,  O.E.,  vol.  ilv.  p.  157. 
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and  the  value  assigned  to  it  was  4/.  35.  6(i.  per  ton  ;  it  is 
also  said  that  it  appeared  to  meet  with  a  ready  sale. 

Very  conflicting  reports  of  the  quahty  of  the  effluent 
water  have  been  given.  It  has  been  stated  in  one  place 
that  it  was  satisfactory,  and  in  another  that  it  contained 
more  phosphoric  acid  than  the  filtered  sewage,  so  that 
there  was  a  positive  loss  in  that  respect.^  The  Company 
subsequently  went  into  liquidation,  the  sewage  works 
reverted  to  the  Local  Board,  and  another  process  has 
been  adopted,  to  which  reference  is  made  elsewhere. 


Campbell's  Peocess,  patented  in  1872,  employs  phos- 
phate of  lime  in  a  soluble  state.  This  is  added  to  the 
sewage,  and  then  precipitated  by  a  further  addition  of 
hme.  It  was  worked  for  six  consecutive  days  in  July, 
1872,  at  Tottenham,  and  the  results  are  stated^  to  have 
been  that  3,500,000  gallons  of  sewage  were  treated  with 
the  following  chemicals  ; — 

Tons  cwt. 

Superphosphate  f  Bone  ash  .  6  10  ]  976  lbs.  of  these  were  added 
of  hme  I  Sulphuric  acid  4  15  j  to  1,000  gallons,  or  4  tons 
^'"'^  4    0^7  cwt.  16  lbs.  to  a  milhon 

^    ,   I     gallons  of  sewage. 

Total      .        .       .  15    5j  ^ 

The  cost  of  these  chemicals  was  hll.  25.  ^d.,  or  16/.  6s.  hd. 
per  milhon  gallons  of  sewage. 

The  yield  of  manure  was  22  tons,  the  chemical 
value  of  which  was  estimated  to  be  about  hi.  a  ton ; 
analyses  of  the  manure  and  the  effluent  water  are  given 
m  the  Appendix. 

The  experiments  at  the  Tottenham  Sewage  Works 
were  then  discontinued,  and  small  works,  capable  of 

'  Paper  rea4  at  See.  Arts,  by  W.  Thorpe,  F.O.S. 
'  Proc.  Inst.  C.E.,  vol.  xlv.  p.  149,        '    •  '  • 

F 
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treating  a  maximum  quantity  of  5,000  gallons  in  twenty- 
four  hours,  were  erected  under  one  of  the  arches  in  the 
viaduct  of  the  London,  Chatham,  and  Dover  Eailway, 
and  permission  obtained  from  the  Metropohtan  Board  of 
Works  to  pump  sewage,  for  the  purpose  of  experiments 
thereon.^ 

The  experiments  on  these  works  commenced  in 
September,  1873,  and  between  that  date  and  May,  1875, 
thirty-one  trials  were  made — 155,000  gallons  of  sewage 
were  dealt  witK,  and  it  was  eventually  found  that  to  pro- 
duce a  good  effluent  water  the  following  chemicals  were 
required : — 


Superphosphate  of  lime  .  1 0  lbs. 
Lime  .         .         .         •     3  „ 

Total        .         .    13  !! 


This  was  added  to  1,000 
gallons,  or  at  the  rate 
of  5  tons  16  cwt.  8  lbs. 
per  million  gallons  of 
sewage. 


The  first  experiment  was  with  5,900  gallons  of  sewage, 
the  chemicals  used  being — 


Superphosphate  of  lime 
Dry  lime 

Total 


56  lbs. 
16 

72 


These  were  used  in  the 
proportion  of  5  tons 
9  cwt.  to  a  million 
gallons  of  sewage. 


The  chemicals  cost  U.  25.  per  ton,  or  22?.  6s.  per 
miUion  gallons  of  sewage. 

The  dry  manure  obtained  was  112  lbs.  and  was 
valued  at  4/.  9-s.  per  ton. 

The  second  experiment  was  with  3,358  gallons  of 
sewage,  the  chemicals  used  being- 


Superphosphate  of  lime  .  32  lbs. 
Dry  lime      .         •         •      9f  „ 

Total        .         .  41#„ 


These  were  used  in  the 
proportion  of  5  tons 
11  cwt.  1  lb.  to  a 
million  gallons  ofseAV- 
age. 


1  Proc.  Inst.  O.E.,  vol.  xlv.  p.  151. 
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The  cliemicals  cost  4/.  25.  per  ton,  or  22/.  155.  per 
million  gallons  of  sewage. 

The  dry  manure  obtained  was  56  lbs.,  and  was  valued 
at  4/.  175.  4^?.  a  ton. 

The  third  experiment  was  with  3,724  gallons  of 
sewage,  the  chemicals  used  being — 


Superphosphate  of  lime  .  36  lbs 
Dry  lime      .         .         .    11  „ 


These  were  used  in  the 
proportion  of  5  tons 

—  >    '^'^  cwt.  77  lbs.  to  a 
Total        .         .    47  „    I     million  gallons  of  sew- 

—  J  age. 


The  chemicals  cost  4Z.  25.  per  ton,  or  23/.  25.  per 
milhon  gallons  of  sewage. 

The  dry  manure  obtained  was  80  lbs.  8  oz.,  which 
was  valued  at  3/.  155.  per  ton. 

It  will  be  observed  that  in  none  of  these  trials  has  the 
cost  of  labour,  coals,  interest  for  outlay  on  works,  &c., 
been  added.  It  has  been  assumed  to  be  1/.  85.  10<i.  per 
ton  of  the  manure  produced,  and  that  this,  added  to  the 
cost  of  the  chemicals,  would  show  a  small  profit  on  the 
manufacture  of  the  manure.  There  would  be,  in  addition 
to  the  risk  of  much  of  the  valuable  chemicals  passing  ofF 
in  the  effluent  water  and  being  lost,  the  risk  of  those 
which  are  precipitated  undergoing  a  change  from  a  soluble 
to  an  insoluable  form,  and  thus  losing  much  of  thek  value 
for  manurial  purposes. 


Hanson's  Process,  patented  in  1875,  employs  hme, 
black  ash,  and  red  hematite  treated  with  sulphuric  acid. 
The  black  ash  used  in  this  process  is  said  to  be  soda  or 
tank  waste,  consisting  essentially  of  the  sulphides  of  calcium 
and  sodium,  a  refuse  from  all^ali  works,^  and  obtainable 


'  Soc.  Arts,  p.  82. 
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iu  considerable  quantities.  The  process  was  recently 
tried  iu  the  experimental  works  at  Leeds  ;  at  first  it 
was  not  successful  in  removing  dye  from  the  sewage, 
but  by  the  addition  of  hgematite  this  was  overcome  ^ 
in  a  subsequent  attempt  in  the  permanent  works  (the 
authorities  at  Leeds  being  engaged  in  ascertaining  by 
various  trials  whether  this  or  the  A  B  C  is  the  cheapest). 
Hanson's  process  succeeded  in  obtaining  a  good  effluent  '"^ 
with  the  following  ingredients  during  twenty-four  hours  : 

Tons  cwt.  lbs. 

Lime.         .         .         .    20    0    0  ~|  2  tons  16  cwt.  1  qr.of 

Black  ash     .         .         .      4    0    0  I     this  were  added  to 

Red  hsematite  and  double  [     1,000,000  gallons 

brown  oil  of  vitriol     .      1    6    2  J     of  sewage. 

Total        .         .    25    6  2 


The  cost  of  these  materials  was  20^.  Ws.  2d.  or 
21.  55.  M.  for  one  milhon  gallons  of  sewage.^ 

The  process  was  discontinued  at  the  Leeds  Works  in 
April  last,  so  that  lime  alone  might  be  tried,  an  experi- 
ment which  is  referred  to  elsewhere.  The  patentee  of 
this  process  hopes  to  reduce  its  cost  by  changing  the 
chemicals  and  ingredients  employed,  viz.,  by  dispensing 
with  the  use  of  the  hgematite. 


Goodall's  Process,  which  has  been  recently  patented, 
employs  hme,  animal  carbon,  ashes,  and  an  iron  hquor 
called  sesqui-persulphate  of  iron.  After  experiments 
tried  at  Leeds,  a  company  caUed  '  The  Leeds  Clarifying 
and  Utilisation  of  Sewage  Company  '  was  formed  to  work 
this  process.  In  1875,  the  Corporation  of  Leeds  agreed 
that  this  Company  should  try  it  for  three  months. 

1  Soc.  Arts,  p.  38,  ,     ^  * 

»  For  analysis  of  effluent  water  and  residuum  produced,  see  Appendix. 

»  Description  of  the  Leeds  Sexoage  WorJcs,  ^-c. 
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During  this  trial  the  process  is  said  to  have  produced  a 
good  effluent  water  with  the  use  of  the  following  ingre- 
dients during  twenty-four  hours  : — 

Tons  cwt. 

Lime  .  .  .  .  21  15  *1  5  tons  3  cwt.  of  this 
Carbon  .  .  .  .  13  15  I  were  added  to 
Ashes  .  .  .  .  10  14  r  1,000,000  gallons 
Iron  liquor      .         .         .     0    4  J     of  sewage. 

Total  .        .        .    46  8 


The  cost  of  these  materials  was  about  19Z.  I65.  or 
2/.  45.  for  one  million  gallons  of  sewage.^ 

No  analysis  of  the  effluent  water  from  the  above  trial 
has  been  made.  From  a  previous  experiment,  in  Decem- 
ber, 1873,  when  800,000  gallons  of  sewage  were  treated 
with — 

Lime  .         .         .         .         .         .15  cwt. 

Carbon  .         .         .         .         .    15  „ 

Iron  liquor    .....      1  carboy 

An  analysis  of  the  effluent  water  as  well  as  the  resi- 
duum is  given  in  the  Appendix 

This  process  completely  failed  to  come  within  its 
estimated  cost,  viz.,  75.  ^d.  per  million  gallons  for 
chemical  ingredients.  With  the  experimental  works  at 
Leeds,  it  reached  4/.  65.  M.,  and  with  the  permanent 
works  it  proved  to  be  21.  135.  ^^d? 


The  Lime  Process  has  been  under  trial  for  upwards 
of  thirty  years,  the  earliest  attempts  to  purify  sewage  by 
precipitation  being  with  lime  alone.  It  being  a  material 
comparatively  cheap  and  abundant,  sanitary  authorities 
have  somewhat  clung  to  its  employment,  notwithstanding 
that  in  no  instance  has  it  been  successful  either  in  a 

'  Description  of  Leeds  Sewage  Works,  ^c. 
2  Soc.  Arts,  p.  38. 
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financial  or  a  sanitary  point  of  view.  The  following 
facts  with  reference  to  it  have  now  been  ascertained  : — 

I.  When  the  cost  of  disposing  of  the  large  quan- 
tities of  sludge  produced  by  Hme  treatment  is  taken  into 
consideration  in  conjunction  with  the  necessity  of  pro- 
ducing a  good  effluent  water,  it  is  not  a  cheap  process. 

II.  Lime  does  not  purify  but  only  clarifies  sewage.  This 
is  stated  by  the  Elvers'  Pollution  Commissioners,  and  is 
the  experience  at  many  places  where  it  has  been  used. 

III.  It  produces  a  nearly  valueless  manure. 
Seventy-five  years  ago  a  patent  was  taken  out  by 

M.  Lewis  James  Armand  Estienne  for  treating  sewage 
with  lime.  In  the  year  1841  a  patent  was  obtained 
by  Dr.  Clark  for  softening  and  purifying  water  for 
domestic  purposes,  and  thirty-three  years  ago  Dr.  Clark 
and  Mr.  John  Graham  used  it  for  the  purpose  of  purify- 
ing refuse  water  from  the  Mayfield  Print  Works  at  Man- 
chester, it  being  also  employed  at  the  same  time  for  the 
purification  of  the  river  Medlock  at  the  same  town.  In 
the  year  1846,  Mr.  Wilham  Higgs  obtained  a  patent  for 
treating  sewage  with  hydrate  of  hme,  and  in  1851  Mr. 
Wicksteed  obtained  a  like  patent  for  treating  sewage  with 
milk  of  hme,  and  manufacturing  manure  from  the  residue 
or  sludge.  These  latter  two  patents  were  put  into  opera- 
tion on  a  large  scale,  the  former  at  Tottenham,  and  the 
latter  at  Leicester.  The  works  at  Tottenham  and  at 
Leicester  were  built  in  an  expensive  manner,  the  object 
in  view  being  more  commercial  than  sanitary,  and  every 
preparation  was  made  for  the  manufacture  at  both  places  of 
sewage  manures,  otherwise  known  as  '  Tottenham  sewage 
guano '  and  '  Leicester  bricks.'  It  was  not  long,  however, 
before  the  promoters  of  these  undertakings  found  that 
the  product  they  were  manufacturing  was  valueless, 
and  in  the  year  1858  the  Leicester  works  reverted 
to  the  Corporation.    The  commercial  part  of  the  under- 
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taking  having  failed,  attempts  were  made  to  continue  the 
process  for  sanitary  purposes,  but  even  in  this  respect  it 
has  been  given  up  at  Tottenham,  where  another  process 
has  taken  its  place,  and  it  is  also  about  to  be  abandoned 
at  Leicester  for  some  more  sanitary  mode  of  deahng  with 
the  sewage.-^ 

In  1858,  the  Elvers'  Pollution  Commissioners  reported 
in  favour  of  the  lime  process  as  carried  on  at  Leicester,  Tot- 
tenham, and  Cheltenham,  as  '  a  method  likely  to  be  made 
available  in  many  other  places  with  advantage  but  in 
1867  and  1868  the  Commissioners  alter  this  opinion  by 
condemning  the  treatment  of  sewage  with  hme  at  Leicester, 
Luton,  and  Tottenham,  as  well  as  at  Hertford.^ 

A  more  recent  report  by  Captain  Flower  *  on  the 
treatment  of  town  sewage  in  the  valley  of  the  Lee,  re- 
cords very  fully  the  insanitary  results  of  the  lime  process 
at  some  of  these  places,  and  it  appears  that  at  Birmingham 
also  it  is  not  successful,  as  it  entails  there  as  heavy  a 
charge  upon  the  town  as  a  more  sanitary  process  would. 
The  analysis  of  the  effluent  water  given  in  the  Appendix 
shows  that  the  purification  of  the  sewage  is  not  complete. 
The  accounts  also  state  that  heavy  compensation  was  re- 
cently paid  to  an  adjacent  landowner  on  account  of  foul- 
ing the  stream.  It  is  also  the  case  that  the  large  amount 
of  sludge  demands  an  increased  area  of  land  for  the  pur- 
pose of  burying  it,  and  that  such  cannot  be  obtained 
without  heavy  expense. 

At  Worksop  and  at  Southborough,  injunctions  against 
the  process  have  recently  been  granted,  and  out  of  thirty 
places  where  it  has  been  used  it  has  already  been  given 
up  at;  sixteen  ;  the  remaining  fourteen  cannot  be  said  to 

^  Proc.  Inst.  O.E.,  vol.  xlv.  p.  194  ;  and  Soc.  Arts,  p.  82. 
^  Loc.  Gov.  Bd.  Eep.,  p.  117. 

'  Second  Kep.,  1867,  pp.  xi.  xii.  xiii. ;  First  Rep.  Riv.  Pol.'  Com.,  ]868, 
p.  62. 

*  Soc.  A.rts,  p.  41. 
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be  satisfactory.  These  facts  are  sufficient  to  show  that 
simple  lime  treatment  has  not  been  successful. 

The  average  amount  of  hme  generally  used  appears 
to  be  one  ton  per  million  gallons  of  sewage,  and  the 
cost  of  the  process,  exclusive  of  the  cost  of  works,  to  be 
about  5/.  for  the  treatment  of  the  same  quantity. 

Lime  treatment  is  in  operation  at  the  following 
places : — 

Alton,  Hampshire,  with  a  population  of  4,192, 
Lime  treatment  has  been  in  use  for  about  thirteen  years, 
but  not  being  found  effectual  in  purifying  the  sewage,  per- 
chloride  of  iron  is  added  on  very  hot  days.  Shortly  after 
the  introduction  of  this  system,  a  bill  was  filed  in 
Chancery  against  the  Local  Board  of  Health.^ 

Balsall  Heath,  Worcestershire,  a  suburb  of  Birming- 
ham, with  a  population  of  14,000,  and  a  domestic  sewage. 
Lime  treatment,  with  filtration  through  gravel,  is  in  use, 
but  is  not  effectual,  the  Birmingham  and  Warwick  Canal 
Company  having  recently  threatened  the  Local  Board 
with  legal  proceedings  for  silting  up  the  canal  into  which 
the  effluent  water  flows. 

Blackbden,  Lancashire,  with  a  population  of  83,000  ; 
a  small  quantity  of  lime  is  used  as  an  auxiliary  to  irri- 
gation. Ten  years  ago  the  Corporation  treated  the 
sewage  with  hme,  in  consequence  of  an  injunction  being 
granted  against  them,  but  it  did  not  remedy  the  nuisance, 
and  gave  rise  to  an  action  against  them  for  the  recovery 
of  20,000/.  damages.2  rj^j^^  Eivers'  Pollution  Com- 
missioners report  as  follows  :  ^ — '  At  Blackburn,  especially 
the  river  below  the  outlet  of  the  hmed  sewage  was 
in  a  most  offensive  condition  of  putrefaction,  our*-  note 
made  at  the  time  of  our  visit  being  as  follows  :— '  Horribly 
offensive  turbid  .  blackish  stream,  disengaging  most  offen- 

1  Roch.  Ret.,  p.  24.  '  Loc.  Gov.  Bd.  Rep.,  p.  10, 

3  First  Rep.  Riv.  Pol.  Com.,  1868,  p.  62. 
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sive  gases  witli  black  masses  of  putrid  mud  floating  on  the 
surface.'  Analyses  of  the  sewage  and  effluent  water  are 
given  in  the  Appendix. 

Birmingham  may  be  regarded  as  the  head-quarters 
of  the  hme  process.  Although  the  town  of  Leicester 
adopted  it  some  eighteen  years  earher,  the  authorities  there 
have  come  to  the  conclusion  that  some  other  and  more  effi- 
cient method  must  take  its  place.  Attempts  to  utihse  the 
sewage  of  Birmingham  were  made  nearly  forty  years  ago, 
and  for  some  time  it  was  endeavoured  to  dispose  of  it  by 
irrigation.  Various  experiments  with  land  were  made  on 
a  more  or  less  limited  scale,  but  eventually  in  1859  the 
town  authorities  were  compelled  by  legal  proceedings  to 
construct  tanks  for  the  reception  of  the  sewage.  In  these 
several  modes  of  filtration  were  tried,  but  found  to  be  in- 
effective. In  1861,  the  Corporation  purchased  28^  acres 
of  land  for  8,000/.,  and,  in  1867,  took  on  lease  128  acres  of 
land  at  a  yearly  rent  of  855/.,  when  irrigation  was  again 
tried,  and  the  land  prepared  at  a  cost  of  1 1,250/.,  but  it  was 
not  successful,  and,  in  1870-71,  efforts  were  made  to  ob- 
tain power  to  acquire  some  2,000  to  2,500  acres  of  land 
near  Kingsbury,  but  without  success.  The  costs  incmred 
on  this  account  amounted  to  10,644/.  The  Corporation 
then  purchased  twenty-four  acres  of  land  that  had  been 
held  on  lease,  for  the  sum  of  8,000/.,  and  an  additional 
101  acres  for  the  sum  of  29,400/.  In  1872,  the  lime 
process  was  resorted  to  at  a  cost  for  works  of  58,880/., 
notwithstanding  that  Mr.  Hawksley  advised  the  use  of 
sulphate,  of  alumina  and  lime.^  At  the  present  time 
Birmingham  contains  a  population  of  about  350,000,  with 
about  8,000  water-closets  in  use,  and  discharges  by  gravi- 
tation through  two  main  outlet  sewers  at  Saltley,  an 
average  daily  volume  of  12,000,000  gallons  of  sewage, 
containing  a  very  large  quantity  of  manufacturing  refuse 

^  Birm.  S.ew.  Enq.^  p.  87. 
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from  a  variety  of  metal  works.  To  this  sewage  is  added 
in  the  sewers  about  a  third  of  a  mile  away  from  the  tanks 
a  dose  of  milk  of  lime,  thirteen  tons  of  lime  being  used 
daily  for  this  purpose.  It  then  flows  into  the  tanks,  the 
solid  matter  being  allowed  to  deposit  while  the  effluent 
is  allowed  to  flow  direct  into  the  river  Tame. 

This  effluent  is  by  no  means  purified,  as  its  analysis 
given  in  the  Appendix  shows,  but  is  simply  clarified 
sewage,  and  in  a  sanitary  point  of  view  is  inadmissible 
into  a  stream  or  river.  The  authorities  are  now  making 
arrangements  for  conveying  it  on  to  land  for  irrigation 
and  filtration,  it  being  expected  that  by  such  means  a 
more  complete  purification  of  the  polluted  water  will 
be  effected.^  The  solid  matter  or  precipitate,  which  is 
increased  at  least  25  per  cent,  in  bulk  by  the  use  of 
lime,  amounts  to  near  400  tons  per  day.^  It  is  pumped 
from  the  tanks,  conveyed  a  long  distance  in  troughs, 
allowed  to  partially  dry,  and  is  then  buried  in  the 
land,  about  one  acre  a  week  being  used  for  this 
purpose.  The  land  is  made  to  conceal  as  much  as  it 
possibly  can  of  this  practically  valueless  deposit.  It 
is  stiU  uncertain  how  many  years  must  elapse  before  it 
will  assimilate  with  the  soil  sufficiently  to  admit  of  the 
same  land  being  again  used  to  receive  another  deposit. 
The  Corporation  possess  258  acres  of  land  (153  being 
freehold  and  105  held  on  lease),  which  is  used  for  this 
purpose,  its  surface  being  to  some  extent  cultivated.  The 
total  expenditure  upon  these  works  up  to  the  present  has 
been,  inclusive  of  a  sum  of  6,000/.  recently  paid  to  Sir 
Charles  Adderley  as  compensation,  132,174/.^  In  addition 
to  this  the  average  annual  cost  of  carrying  on  the  pro- 
cess, during  the  years  1873-75,  has  been,  after  de- 
ducting sales  of  produce,  and  exclusive  of  supervision, 

1  Loc.  Gov.  Bd.  Kep.,  p.  84.  »  Proc.  Inst.  O.E.,  vol.  iliii.  p.  211. 

3  Loc.  Gov.  Bd.  Rep.  p.  33. 
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15,154/.  lis.  hd.\^  if  to  this  be  added  5  per  cent, 
interest  on  capital  expended,  the  total  average  annual 
cost  amounts  to  22,460/.,  involving  a  charge  of  hi.  2s.  6o?. 
per  million  gallons  of  sewage,  or  Is.  Z\d.  per  head  of 
.the  population.  In  the  face  of  this  cost  Birmingham  can 
scarcely  be  held  up  for  imitation  in  respect  to  the  dis- 
posal of  its  water-carried  sewage. 

Joseph  Bazalgette  has  recently  said :  ^  '  The  sewage 
of  Birmingham  was  now  being  utihsed  by  the  lime  pro- 
cess, under  the  able  direction  of  Mr.  Hawksley,  past 
President,  Inst.  C.E.,  and  it  was  being  carried  out  as  well 
as  it  possibly  could  be ;  but  he  thought  Mr.  Hawksley 
himself  would  admit  that  it  was  only  a  palhative,  and 
that  it  was  not  such  a  process  as  could  be  applied  to  most 
towns.'  This  opinion  will  be  endorsed  by  all  who  con- 
sider that  the  system  costs  the  ratepayers  about  1,871/. 
per  annum  for  each  1,000,000  gallons  per  day  of  sewage 
treated,  and  that  it  is  not  a  sanitary  success.  There  are 
other  difficulties  also,  created  principally  by  the  use  of  this 
process,  which  the  Corporation  of  Birmingham  sooner 
or  later  will  be  called  upon  to  meet,  and  which  tend 
to  show  that  as  a  system  it  is  not  complete.  The 
enormous  quantity  of  sludge  produced  by  the  lime  pro- 
cess will  in  time  require  more  land  in  which  to  dig  or 
bury  it,  and  unless  a  system  for  lessening  the  quantity  be 
adopted,  the  cost  of  extra  land,  even  if  it  can  be  obtained 
at  all,  must  prove  a  very  heavy  addition  to  the  rates  of 
the  borough. 

The  trial  on  a  small  scale  of  General  Scott's  system 
for  converting  sludge  into  cement  is  in  operation  at 
Birmingham  sewage  works,  but  the  composition  of  the 
sludge  there  does  not  appear  to  be  very  favourable  to 
this  mode  of  disposing  of  it. 

^  General  and  detailed  financial  statements  of  the  borough  of  Birminn-hain 
for  1873-75.  2  proc.  Inst.  O.E.,  vol.  xliii.  p.  211. 
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Had  Birmingham  acted  on  the  advice  given  by  Mr. 
Hawksley  in  1871,  and  since,  and  adopted  alumina  in  con- 
junction with  hme,  by  this  time  some  18,250  tons  less  of 
lime  would  have  been  used,  and  109,500  tons  less  of 
sludge  would  have  been  formed.  The  quantity  of  sludge 
produced  at  the  Saltley  works  would  also  be  lessened  by 
some  80  tons  per  day. 

Bromley,  Kent,  with  a  population  of  12,000.  Tanks 
for  the  reception  of  the  sewage  of  about  200  houses  (or 
800  persons),  and  for  its  treatment  by  lime  and  filtration 
through  gravel,  have  been  in  use  three  years  and  a  half 
The  amount  spent  upon  these  works  has  been  891  and 
the  cost  of  carrying  them  on  during  the  year  1875  was 
149?.i 

Burton-upon-Trent,  Staffordshire,  with  a  population 
of  20,378,  and  232  water-closets  in  use,  has  a  manufac- 
turing sewage,  containing  refuse  from  breweries.  The 
sewage  is  very  foul,  and  the  spent  hops  from  the 
breweries  decompose  along  the  sides  of  the  river,  and 
cause  a  terrible  nuisance.  It  is  stated  that  7,121/.  have 
been  spent  on  the  works  for  treatment  of  the  sewage,  and 
that  the  cost  of  carrying  them  on  during  the  year  1875, 
was  1,279/.''^  It  is  elsewhere  stated  that  about  one  ton 
of  hme  is  used  to  one  million  gallons  of  sewage,  and  that 
the  cost  of  materials  and  labour  amounts  to  45/.  per  week. 

Notwithstanding  this  outlay,  the  pollution  of  the 
river  is  very  great,  and  it  was  stated  in  '  The  Field '  of 
September  2,  1876,  that  'eight  or  nine  dead  salmon  were 
seen  in  the  Trent,  at  Weston,  supposed  to  be  due  to  the 
sewage  of  Burton -upon-Trent.' 

Bradford,  Yorkshire,  with  a  population  of  163,056, 
has  about  4,050  water-closets  in  use,  and  an  average 
daily  flow  of  *B,000,000  gallons  of  sewage  of  a  manufac- 
turing character,  containing  refuse  from  wool-combing, 

'  Koseb.  E«t.,  p.  16.  '  Ihid.,  p.  84. 
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spinniag,  manufacturing,  dyeing  and  dressing  works. 
In  1868,  the  sewage  poured  into  the  Bradford  Beck,  and 
an  injunction  was  granted  against  the  Corporation.  In 
the  same  year  the  Peat  Engineering  and  Sewage  Filtra- 
tion Company  attempted  to  filter  the  sewage  through 
peat  charcoal.  Arrangements  were  entered  into  and 
works  erected  by  the  Corporation  at  a  cost  of  60,000/. ; 
but  the  undertaking  failed,  because  the  sewage  choked 
the  filters,  the  Company  losing  upwards  of  30,000/.^ 
In  1875  the  following  process  was  commenced : — The 
sewage  is  first  dealt  with  by  screening,  then  precipitation 
by  milk  of  hme,  and,  finally,  filtration  through  coke 
screenings.  For  this  purpose  the  works  were  altered,  and 
altogether  63,618/.  have  been  spent  on  them.  The  pro- 
portion of  lime  used  is  one  ton  per  million  gallons  of 
sewage. 

The  cost  for  the  year  1876  is  given  as  follows  : — 


£ 

Management    ......  300 

Labour  .......  2,710 

3,000  tons  of  lime      .         .  .         .  1,875 

2,000  tons  of  breeze  for  filters       .         .         .  .  125 

Fuel  642 

Miscellaneous  .         .         .         .         .         .  624 


Total         .        .       •.         .         .  6,276  2 


This,  together  with  5  per  cent,  interest  on  capital, 
amounts  to  an  annual  cost  of  9,456/.  or  at  the  rate  of 
3/.  4s.  106/.  per  million  gallons  of  sewage,  or  Is.  l^c?.  per 
head  of  the  population  ;  but  this  does  not  include  drying 
or  in  any  way  disposing  of  the  sludge,  which  it  is  said 
amounts  to  about  22  tons  per  day ;  there  is  no  sale  for  it, 
it  accumulates  at  the  works,  and  the  Corporation  propose 
to  adopt  artificial  means  for  drying  it.^ 

^  Roseb.  Rety  p.  46,  *  Loc.  Gov.  Bd.  Eep.,  p.  44. 

'  Loc.  Gov.  Bd.  Rep.,  p.  4-3. 
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No  analysis  of  the  effluent  water  is  published ;  that 
of  the  manure  (containing  15  per  cent,  of  moisture)  is 
given  in  the  Appendix.  It  is  in  this  condition  said  to  be 
chemically  worth  \l.  O5.  \\d.  and  to  have  a  market  value 
of  65.  8c?.  to  10s.  per  ton.^ 

Chester,  with  a  population  of  35,232,  and  from  600 
to  700  water-closets  in  use,  has  a  domestic  sewage 
amounting  to  an  average  daily  flow  of  1,500,000  gallons. 
A  part  of  the  sewage  is  used  for  irrigation,  and  as  the 
effluent  flows  into  a  tidal  river,  the  Dee,  treatment  of  the 
sewage  is  only  partial.  It  is  stated  that  4,200?.  have  been 
spent  on  the  works.^  The  sewage  is  only  pumped  when 
the  tidal  water  is  above  the  height  of  the  gravitation 
outfall  into  the  river.  A  small  amount  of  hme  is  used 
(viz.  6  cwt.  per  million  gallons  of  sewage),  and  the  sludge 
deposited  in  the  tanks  is  taken  by  farmers  whose  land 
adjoins  the  works.  It  is  stated  that  the  working 
expenses  amount  to  800/.  a  year,  about  one-fourth  of 
which  is  spent  on  the  lime  treatment ;  but  it  should  be 
observed  that  the  conditions  for  dealing  with  the  sewage 
here  are  more  favourable  than  those  which  generally 
occur. 

Ealing,  Middlesex.,  with  a  population  of  9,959,  has  a 
domestic  sewage.  About  11,500/.  have  been  spent  in 
works  for  the  artificial  treatment  of  the  sewage,  including 
the  purchase  of  land  for  irrigation.^  In  the  southern 
district  lime  treatment  is  used,  and  the  effluent  water 
flows  by  a  brook  conimunication  into  the  Thames ;  the 
sludge  mixed  with  house  refuse  is  used  for  farming.  In 
the  northern  district  it  is  intended  to  adopt  lime  treat- 
ment also,  and  to  use   the  effluent  water  for  irriga- 

1  Loc.  Gov.  Bd.  Rep.,  pp.  45  and  Ixiii. 

'  Eoseb,  Ret.,  p.  5 ;  in  Soc.  Arts,  p.  5,  it  is  stated  that  22,000/.  have 
teen  spent  in  the  construction  of  intercepting  sewers  and  outfall  works. 
3  Roseb.  Ret.,  p.  28. 
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tioii  before  it  passes  into  the  Brent.  Lime  treatment  has 
been  in  operation  for  the  former  during  ten  years,  and 
the  cost  is  stated  to  be  about  375/.  a  year.^  Three  years 
ago  it  was  stated  that  no  nuisance  had  arisen  from  this 
mode  of  treatment,^  but  no  further  information  on  this 
point  appears  since  to  have  been  pubHshed. 

Haeborne,  Staffordshire,  with  a  population  of  5,105, 
and  a  domestic  sewage.  Lime  is  used  to  a  small  extent 
in  conjunction  with  filtration  through  gravel,  coke,  and 
charcoal.    No  reports  as  to  results  have  been  published. 

Leicester,  with  a  population  recently  increased  to 
115,000,  has  6,500  water-closets  in  use,  and  a  manu- 
facturing sewage  containing  refuse  from  dye,  india- 
rubber,  fellmongers',  and  soap  works.  Twenty-five 
years  ago,  Mr.  Wicksteed  proposed  to  utilise  the  sewage 
by  treating  it  with  hme,  and  manufacturing  the  residuum 
or  sludge  into  manure.  The  subject  was  approached 
more  as  a  commercial  than  a  sanitary  work,  but  it  was 
intended  to  serve  both  purposes.  It  was  believed  at  that 
time  that  the  manure  resulting  from  this  treatment  of 
sewage  would  be  worth  hi.  per  ton,  and  Mr.  Wicksteed 
formed  a  company,  who  erected  works  at  Leicester  for 
this  purpose  at  a  cost  of  about  30,000/.,  but  only  to  dis- 
cover that  the  product  was  next  to  worthless.  The  con- 
sequence was,  that  after  three  years,  according  to  agree- 
ment with  the  Corporation,  the  whole  of  the  works  fell 
into  their  hands  free  of  cost,  the  company  having  failed 
to  carry  out  their  undertaking.  The  Corporation  continued 
lime  treatment.  The  works  and  process  were  investi- 
gated by  the  Eivers'  Pollution  Commissioners  in  1868, 
who  state  that,  '  the  machinery  employed  is  very  perfect 
and  efficient,  but  the  method  obviously  failed  in  the  puri- 
fication of  the  sewage  to  such  an  extent  as  to  render  it 
admissible  into  a  river ' ;  and,  further,  '  that  it  was  a 

>  Roseb.  Ret.,  p.  28.  Roch.  Ret.,  p.  27. 
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conspicuous  failure  both  as  regards  the  manufacture  of 
valuable  manure,  or  the  purification  of  the  offensive 
liquid.'^  The  product  was  theoretically  valued  at 
135.  ^^d.  per  ton,  but  failed  to  realise  that  price,  and 
even  when  given  away  the  farmers  do  not  care  to  have 
it,2  and  it  accumulates  at  the  works  at  the  rate  of  5,000 
tons  per  annum.^  The  Corporation  at  present  spend 
2,116l*  a  year  in  pumping  and  treating  the  sewage,  but 
the  works  are  not  always  in  operation,  and  the  sewage  is 
only  dealt  with  partially  and  imperfectly.^  The  process 
is  reported  as  offensive,  and  giving  rise  to  a  nuisance,^  and 
the  undertaldng  is  virtually  abandoned,  the  authorities 
having  in  contemplation  some  other  mode  for  purifying 
the  sewage  of  the  town.^ 

Leytonstone,  Essex,  mth  a  population  of  about 
5,000.  Lime  treatment  is  reported  as  not  satisfactory, 
though  it  is  stated  that  no  formal  complaints  have  been 
made.^ 

Luton,  Bedfordshire,  has  a  population  of  17,316,  and 
a  sewage  containing  large  quantities  of  chemical  matter 
used  in  bleaching  and  dyeing  straw-plait.  The  town  is 
situated  in  the  valley  of  the  Lee  and  close  to  the  source 
of  that  river.  The  sewage  is  treated  with  lime,  and  the 
effluent  water  passes  over  a  bed  of  stone,  gravel,  and 
charcoal.  The  process  has  been  in  operation  eighteen 
years.  A  sum  of  7,000Z.  has  been  expended  on  the 
necessary  works,  and  the  cost  of  carrying  them  on  during 
the  year  1875  was,  exclusive  of  interest  on  outlay,  650^.^ 
The  undertaking  does  not,  according  to  the  Elvers'  Pol- 

1  First  Rep,  Riv.  Pol.  Oom.  1868,  p.  62.  Analyses  of  sewage  and  effluent 
water  are  given  in  Appendix.  ^«    „      a  ^  oo 

*  First  Rep.  Riv.  Pol.  Com.,  1870,  p.  56 ;  Soc.  Arts,  p.  82. 

3  6  8  Roch.  Ret.,  p.  27.  .  o      a  .  ^n 

*  Roseb.  Ret.  p.  26  ;  Soc.  Arte,  p.  82.  ^  Soc.  Arts,  p.  10. 
'  Proc.  Inst.  O.E.,  vol.  xlv.  p.  194 ;  also  Soc.  Arts,  p.  82. 

8  Roseb.  Ret.,  p.  3. 
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lution  Commissioners,  bear  a  good  sanitary  character. 
They  say :  '  The  sewage  is  clarified  by  a  Hming  pro- 
cess.'   '  The  effluent  water,  more  or  less  clarified,  flows 
direct  into  the  stream  of  the  Lee.'    'This  process  of 
clarifying  sewage  improves  it  in  so  far  as  the  soHds 
are  removed,  but  the  fluid  remains  sewage,  and  if 
allowed  to  stagnate  will  become  putrid  and  offensive '  ^ 
A  more  recent  report  by  Capt.  Flower  says :  '  These  works 
bemg  of  a  temporary  nature,  cannot  be  called  satisfactory 
though  the  discharge  of  fluid  from  them,  in  consequence 
of  the  care  with  which  they  are  carried  on  and  the  enor- 
mous dilution  of  the  fluid  by  subsoil  water,  is  at  times 
fairly  admissible  into  the  river.   Although  clarified,  how- 
ever, It  IS  not  purified  sufficiently  to  be  passed  into  a 
river  of  small  volume  from  which  drinking  water  is 
drawn.    The  sludge  at  Luton  is  said  to  be  'hke  aU  lime 
deposit,  very  filthy.' 2 

«  nnn™T  a  poprfation  of 

6  000  Treatmeut  with  milk  of  lime  and  filtration 
through  coke  were  in  use  in  1874,  and  had  been  for  six 
years,  durmg  which  time  no  nuisance  had  arisen  ^  No 
recent  mformation  has,  however,  been  published 

L,me  treatment  has  been  tried  and  given  up  at  the 
loUowmg  places:   t- 

Bakbuey  First,  carbohc  acid  and  Hme,  and,  second, 
perchlonde  of  iron  and  Hme,  were  tried  and  failed  pre- 
vious to  the  adoption  of  irrigation.* 

CovENTEY^  Previous  to  the  system  now  in  operation, 
treatment  with  hme  was  tried  and  abandoned.^  It  has 
also  been  recently  tried  in  the  present  works,  but  with 
insanitary  results. 

CHELTEraAM.-Previous  to  the  adoption  of  irrigation, 

^  Second  Rep.  Riv.  Pol.  Com.,  1867  p  xi 

«  Soc.  Art3,  p.  41.  ^Roch.'Ret.,p.28. 

Soc.  Arts,  p.  2 ;  and  Roch.  Ret.,  p.  4 
-  Soc.  Arts,  p.  36 ;  also  Roch.  Ret.,  p.  24. 
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for  some  ten  or  twelve  years  lime  treatment  was  used, 
and  for  three  or  four  years  perchloride  of  iron  and 
Bird's  process  were  adopted,  but  they  were  all  abandoned 
as  inefficient  and  unsatisfactory.^ 

Halifax.— Three  years  ago  lime  treatment  was  in 
use,  and  new  additional  works  were  being  constructed,^ 
but  at  the  present  time  the  sewage  is  not  treated  at  all. 

Hertfoed.— The  average  daily  flow  of  sewage  amounts 
to  about  1,640,000  gallons.   Water-closets  are  in  general 
use,  and  the  sewage,  which  is  very  dilute,  in  consequence 
of  leakage  of  subsoil  water  into  the  sewers,  also  contains 
refuse  from  breweries.    The  Elvers'  Pollution  Commis- 
sioners in  1867  report  as  follows  :— '  By  an  Act  passed  in 
1854  the  New  Kiver  Company  obtained  powers  to  lay 
down  intercepting  main  sewers  through  the  town,  to  con- 
struct works  for  treating  the  sewage  by  the  liming  process, 
and  to  convey  the  effluent  water  past  the  New  Kiver 
head  into  the  Lee  above  the  town  of  Ware.  The 
New  Eiver  Company  have  completed  these  sewage  and 
outlet  works  at  a  cost  of  about  22,000/.,  and  maintain 
them.    They  also  subject  the  sewage  to  a  hming  pro- 
cess at  a  further  cost  of  about  700Z.  per  annum,  sparing 
neither  trouble  nor  money.    The  effluent  water  usually 
passes  away  clear,  but  being,  as  it  is,  the  sewage  of  nearly 
7,000  persons,  it  cannot  be  otherwise  than  a  nmsance, 
and  it  is,  according  to  the  evidence,  a  constant  cause  of 
complaint  to  the  people  of  Ware.'^    The  Commissioners 
also  say  that  '  the  lime  process  does  not  purify  the  sewage 
even  when  carried  out  most  carefuUy  by  the  New  Kiver 
Company  as  at  Hertford.'^    The  cost  to  the  New  Eiver 
Company  for  the  works  during  the  years  1858  to  1875 
was  28,000/.,^  and  for  sixteen  years  lime  treatment  was 

1  Roaeb.  Ret.,  p.  13 ;  also  Soc.  Arts,  pp.  65,  105. 
»  Roch.  Ret.,  p.  26. 

»  Second  Rop.  Riv.  Pol.  Com.,  1867,  p.  xii. 
♦  Ibid.,  p.  xiii.        *  Soc.  Arts,  p.  9. 
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used  for  the  sewage.    It  appears  latterly,  however,  that 
the  Company  allow  the  Corporation  600/.  a  year  to 
carry  on  this  work,^     The  sewage  flows  by  gravita- 
tion to  the  works,  and  in  the  year  1867  was  treated 
with  about  fourteen  bushels  of  lime,  and  one  bushel 
of  chloride  of  lime  per  day,  making  together  a  dose 
of  3 '7  6  grains  per  gallon,  or  4  cwt.  79  lbs.  per  mil- 
lion gallons  of  sewage.^    The  effluent  water,  after  filtra- 
tion through  coarse  gravel,  is  described  as  being  a 
little  turbid,  but  soon  became  clear.    An  analysis  of  it 
is  given  in  the  Appendix.    The  annual  cost  of  carrying 
on  this  work  is  stated  to  have  been  410/.^    The  follow- 
ing is  from  a  report  in  1876  by  Captain  Flower  of  the 
sewage  operations  at  this  place  : — '  An  attempt  was  made 
to  piu-ify  the  sewage  by  hming  it.    Here  again,  as  at 
Luton,  the  eflluent,  although  clear,  was  not  pure,  and  the 
adjoining  town  of  Ware  lower  down  the  stream  was  con- 
stantly complaining  of  the  nuisance  caused  by  secondary 
decomposition  which  is  invariably  set  up  by  the  lime 
effluent.    I  beheve  it  is  a  fact  that  the  most  dangerous 
kind  of  organic  impurity  is  organic  matter  in  process  of 
change  or  putrefaction.    This  change  is  set  up  and  con- 
tinues in  the  eflluent  after  discharge  from  the  works.  The 
condition  of  the  channel  between  the  works  at  Luton  and 
the  stream,  and  the  river  at  Ware  is  evidence  of  this,  and 
thus  in  the  lime  effluent  there  exists  the  worst  condition 
of  sewage.    It  is  not  the  presence  of  organic  matter  in 
its  original  state  which  is  so  objectionable  in  sewage, 
but  those  matters  which  are   undergoing  change  or 
putrefying.'  * 

It  is  scarcely  surprising,  therefore,  that  in  1875  lime 
treatment  was  abandoned,  and  another  process  employed, 
to  which  reference  is  made  elsewhere. 

'  Soc.  Arts,  p.  78.  >  The  Sew.  Quest.,  1872,  p.  66. 

'  Koseb.  Ret.,  p.  14.  <  Soc.  Arts,  p.  42. 
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HiTCHiN.  The  sewage  passes  througli  a  liming-liouse 

into  a  tanl?:,  and  is  supposed  to  be  deodorised  before 
entering  the  stream  ;  but  the  present  local  board  are 
preparing  for  the  disposal  of  it  by  irrigation.^ 

Leamington. — Lime  treatment  was  tried  previous  to 
the  A  B  C  process,  and  the  adoption  of  irrigation.  The 
annual  expense  of  the  process  was  500/.,  but  it  completely 
failed  to  purify  the  river,  and  was  discontinued  by  order 
of  the  Court  of  Chancery.^ 

Leeds.  Lime  treatment  was  tried  prior  to  the  year 

1873,  but  was  not  continued.^  It  was  also  tried  in  April, 
1876,  on  the  Permanent  Sewage  Works ;  fourteen  to  fif- 
teen tons  of  hme  per  day  were  used  on  this  occasion,  but 
'it  did  not  remove  the  colour  from  the  dye  waters 
contained  in  the  sewage,'  and  '  the  effluent  water  was 
frequently  mahogany-coloured.'  *  It  was,  therefore,  dis- 
continued. 

Newcastle-under-Ltme. — The  sewage  flows  into 
three  depositing  tanks  after  mixing  with  quick  hme,  and 
is  then  passed  through  three  filtering  beds.  The  nuisance 
arising  from  the  tanks  has  recently  given  rise  to  com- 
plaints and  legal  proceedings  by  the  Corporation  of  Stoke- 

upon-Trent.^  ,  . 

Over  Darwbn.— Lime  is  mixed  with  the  sewage,  it  is 
then  passed  through  charcoal  and  straw  boxes,  and  finally 
flows  in  a  conduit  for  about  a  quarter  of  a  mile,  and 
then  into  the  river  Darwen.  The  use  of  hme  was  com- 
menced in  1872,  but  the  whole  process  gives  rise  to  a 
nuisance,  and  the  local  board  are  about  to  adopt  an 
alumina  process.^ 

1  Roseb.  Ret.,  p.  14. 

«  Roseb.  Ret.,  p.  41 ;  Soc.  Arts,  p.  10 ;  and  Loc.  Gov.,  Bd.  Rep.,  p.  19. 

3  Roch.  Ret.,  p.  27.  rrr    r  * 

4  Soc.  Arts,  p.  84;  also  Description  of  Leeds  Sewage  Works,  Sfo. 

5  Tried  at  Stoke  Police  Court,  April,  1876. 

«  Roseb.  Ret.,  p.  23  ;  and  Roch.  Ret.,  p.  28. 
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OxTON. — Lime  with  chloride  of  hme  has  been  tried, 
but  arrangements  have  since  been  made  with  the  dis- 
tricts of  Birkenhead  and  Tranmere  to  discharge  into  their 
outfall  sewers,  and  thence  into  the  Mersey.-^ 

St.  Maey  Chuech. — Lime  treatment,  with  carbolic 
acid,  and  filtration  through  coarse  gravel  and  sand  was 
tried,  but  gave  rise  to  a  nuisance.  Complaints  arose,  and 
arrangements  are  being  made  with  Torquay  for  an  outfall 
into  the  sea.^ 

SouTHBOKOUGH, — Lime  treatment  was  in  use  until  an 
action  was  recently  brought  by  an  adjacent  millowner 
against  the  local  board  for  fouling  and  silting  up  a  mill 
pond  through  the  discharge  of  lime  effluent  from  the 
sewage  works.  This  resulted  in  the  granting  of  a  per- 
petual injunction  against  the  board  to  discontinue  their 
pollution  of  the  stream. 

Tottenham. — Higgs'  patent  for  treatment  of  sewage 
with  lime,  and  the  manufacture  of  the  sludge  into  a  manure, 
was  put  into  operation  herein  1856  ;  at  first,  the  results 
appeared  satisfactory,  but  the  product  was  found  to  be 
worthless  in  a  commercial  point  of  view.  The  under- 
taking was  therefore  in  this  respect  abandoned,  and 
the  costly  works  erected  by  Mr.  Higgs  were  sold  at  an 
almost  nominal  price  to  the  local  board,  who  continued 
lime  treatment  with  a  view  to  purify  the  sewage,  but  the 
board  appear  to  have  drifted  into  a  costly  litigation  with 
the  conservators  of  the  Lee,  for  polluting  that  river. 
In  1867,  the  Elvers'  Pollution  Commissioners  stated: 
'The  sewage  at  Tottenham  is  hmed  and  the  solids 
precipitated,  but  the  effluent  water  retains  so  much 
sewage  matter,  that  the  Lee  trustees,  as  protectors  of  the 
navigation  and  of  the  health  of  those  employed  upon  it, 
have  recently  obtained  fi^om  the  Court  of  Chancery  an 
injunction  to  prevent  the  Local  Board  of  Tottenham  from 

^  Roch.  Ret.,  p.  29. 
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casting  their  sewage  into  the  river  so  as  to  create  a 
nuisance.'  ^ 

In  a  later  report,  the  Commissioners  state  that  the 
undertaking  has  proved  a  failure.  ^  Lime  treatment  has 
therefore  been  abandoned  as  unsatisfactory  to  the  Lee 
Conservancy  Board,  and  other  processes  have  been  tried 
to  which  reference  is  made  elsewhere.^ 

It  is  stated  that  above  11,000/.  have  been  spent  on 
the  necessary  works  at  this  place,  and  that  the  cost  of 
dealing  with  the  sewage  during  last  year  amounted  to 
1,979/.* 

West  Ham. — Tanks  for  precipitation  have  been  con- 
structed, and  lime  treatment  was  tried  for  three  months, 
but  abandoned  on  account  of  its  cost  and  the  large 
accumulation  of  the  sludge.  At  present  (1876)  the  sewage 
is  pumped  into  the  Eiver  Lee  at  Bow  Creek.  The  amount 
expended  on  the  works  is  stated  to  have  been  7,700/.  and 
the  cost  of  pumping,  &c.,  during  the  year  1875,  1,740/.^ 

Worksop. — The  sewage,  which  amounts  to  a  daily 
average  flow  of  300,000  gallons,  and  is  domestic  in 
character,  has  milk  of  Hme  added  to  it ;  but  constant 
complaints  have  been  made  by  an  adjoining  landowner, 
who  says  that  the  lime  injures  the  fish  in  the  river,  and  an 
injunction  has  recently  been  granted  against  the  local 
board,  who  are,  in  consequence,  about  to  adopt  some  other 
means  of  deahng  with  the  sewage. 

1  Second  Eep.  Riv.  Pol.  Com.,  1867,  p.  xu. 
»  First  Rep.  Riv.  Pol.  Oom.,  1868,  p.  52. 

»  Roch.  Ret.,  p.  29.         *  Roseb.  Rei,  p.  29.         »  Ibid.,  p.  12. 
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III, — Processes  in  which  salts  of  iron  are  used  as 

precipitants. 

Salts  of  iron  have  been  used  for  more  than  a  century 
for  disinfecting  night  soil  and  foul  waters,  and  have 
formed  the  subject  of  various  patents  for  the  treatment 
of  sewage,  but  in  practice  they  are  found  to  be  too 
expensive. 

At  Northampton,  chloride  of  iron  in  conjunction 
with  lime  was  tried  with  the  sewage  of  40,000  people, 
about  six  gallons  of  chloride  of  iron  and  twelve  bushels 
of  lime  being  added  to  each  million  gallons  of  sewage. 
The  effluent  water  was  then  filtered  upwards  through  a 
stratum  of  calcined  iron  ore,  eight  inches  thick.  It  then 
flowed  along  a  culvert  for  a  mile  and  a  half,  in  which  it 
mixed  with  about  one-sixth  of  its  volume  of  spring 
water,  an  analysis  of  which  is  given  in  the  Appendix.  The 
results  were,  however,  not  successful,  as  in  1870  the  Court 
of  Chancery  granted  an  injunction  against  the  Corpora- 
tion, and  the  system  was  abandoned. 

At  Clifton,  sulphate  of  iron  and  Hme  were  tried  and 
given  up.^ 

Previous  to  the  adoption  of  irrigation,  experiments 
on  a  small  scale  were  made  at  Cheltenham  with  per- 
chloride  of  iron,  but  were  not  satisfactory.^ 


IV. — Miscellaneous  Processes. 

Experiments  on  a  small  scale  have  been  made  with 
various  processes — such  as  Higgs',  Dale's,  and  Dims- 
dale's,  at  Ceoydon,  and  have  been  reported  on  unfavour- 
ably.^ 

-     •  Koch.  E«t.,  p.  24.      »  Soc.  Arts,  p.  105.      »  Rocli.  Ret.,  p.  7. 
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Lenk's  Peocess  was  tried  on  a  small  scale  experi- 
mentally, and  with  good  sanitary  results,  at  Tottenham, 
but  it  was  very  costly.  ^ 

Experiments  have  also  been  made  with  hydrate  of 
lime,  chloride  of  Hme,  and  alum,  at  New  Shorehmi,  Sussex, 
with  a  population  of  from  3,500  to  4,000,  and  a  domestic 
sewage.  A  sum  of  5,000/.  it  is  stated,  has  been  spent 
upon  works  and  land,  but  Httle  information  has  been 
pubHshed  as  to  results.^ 

There  are  many  other  patent  processes  for  treatment 
of  water-carried  sewage  by  precipitation,  but  none  of 
them  have  been  put  into  practical  use. 

^  Birm.  Sew,  Enq.,  1871,  p.  47.  »  Eoch.  Ket,  p.  28. 
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PART  III.— IRRIGATIOK. 

The  application  of  water- carried  sewage  to  land  for 
agricultural  purposes  has  in  this  country  had  a  trial  ex- 
tending over  a  quarter  of  a  century,  and  upon  reviewing 
what  has  been  done  in  this  direction,  it  must  be  admitted 
that  it  has,  both  in  an  agricultural  and  a  commercial  point 
of  view,  failed  to  falfil  the  expectations  entertained  of  it, 
and  less  confident  opinions  are  now  expressed  of  the  value 
of  sewage  farming.  At  first  an  impression  gained  con- 
siderable hold  upon  the  public  mind  that  the  manurial 
elements  contained  in  water-carried  sewage  could  be 
easily  turned  to  account  by  its  application  to  land,  and 
that  by  so  apparently  simple  a  method,  the  refuse  from 
towns  could  be  converted  into  farm  produce,  and  food  for 
man  and  beast.  This  seemed  a  natural  view  of  the  matter, 
as  the  various  practical  difficulties  which  experience  has 
since  revealea  were  not  then  foreseen,  or,  perhaps,  were 
disregarded,  and  the  agricultural  view  of  the  case,  irre- 
spective of  other  considerations,  has  been  persistently  kept 
in  view.  Had  some  of  the  simplest  data  suggested  by 
early  sanitarians  been  borne  in  mind,  some  portion  of  the 
heavy  expenditure  on  unsuccessful  sewage  farming  might 
have  been  avoided. 

The  Kivers'  Pollution  Commissioners  were  so  im- 
pressed with  the  agricultural  features  of  the  case  and  the 
prospect  of  reducing  the  rates  by  profits  arising  from 
the  utihsation  of  sewage  on  laud,  that  they  failed  to 
grasp  the  difficulties  which  surrounded  the  subject,  but 
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which,  through  recent  experience,  are  now  well  recog- 
nised. 

From  the  amount  of  matter  pubhshed  upon  this  sub- 
ject (much  of  which  being  expressed  long  ago  is  lost 
sight  of),  it  may  not  be  out  of  place  to  repeat  some  of  the 
conditions  which  should  govern  the  disposal  of  sewage 
by  irrigation. 

In  1862,  Dr.  Voelcker  stated  in  evidence  before  a 
select  committee  on  sewage  of  towns,  '  that  hquid  manure 
may  be  apphed  with  great  advantage  on  Hght  porous  soils 
and  all  soils  resembling  more  or  less  in  character  such 
land ;  but  on  heavy  clay  land  it  cannot  be  apphed  with 
advantage,  especially  when  the  land  is  so  cultivated  as-  to 
produce  in  dry  weather  large  cracks,  tlirough  which  the 
hquid  manure  necessarily  will  flow.'  ^ 

At  the  same  time  Professor  Way  stated,  '  that  though 
valuable  materials  were  contained  in  sewage,  they  were 
coupled  with  a  condition  which  obliged  you  to  hmit  your 
use  of  them ' ;  also,  '  there  is  no  doubt  that  if  you  laid  iron 
pipes  over  a  farm  and  told  me  that  I  might  have  the  sewage 
when  I  liked  to  apply  it,  I  should  be  very  glad  of  apply- 
ing it  when  it  was  there,  and  I  should  be  still  better 
pleased  if  I  could  take  it  when  I  liked  and  could  leave  it 
when  I  liked.'  ^ 

Further,  he  said  :  '  I  beheve  that  under  given  condi- 
tions the  sewage  is  of  immense  value  merely  as  water, 
and  that  under  other  conditions  the  water  is  so  objection- 
able that  you  would  rather  lose  the  manure  than  be 
obhged  to  have  the  water.'  ^ 

On  the  same  occasion,  Mr.  Mechi  said  he  was  of  opinion 
that  sewage  could  only  be  applied  to  grasses,  particularly 
italian  rye  grass,  and  that  8,000  tons  an  acre  per  annum 
of  sewage  cannot  be  used  without  nuisance  to  the  neigh- 
bourhood, or  without  nuisance  to  the  running  streams  of 

»  Report,  p.  68.  »  Ihid.,  p.  36.  »  Ihid.,  p.  40. 
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the  neighbourliood.  He  fiirtlier  said,  '  200  or  300  tons 
per  acre  in  his  opinion  would  constitute  a  very  excellent 
dressing  for  a  cereal  crop';^  he,  however,  only  applied  48 
or  50  tons  per  acre,  thinking  that  to  be  a  sufficient 
stimulus,  though  he  used  100  tons  per  acre  for  irrigating 
grass.  His  opinion  was,  also,  that  it  would  not  be  free  from 
nuisance  if  more  than  1,000  or  2,000  tons  of  sewage  per 
acre  per  annum  were  applied,  and  even  this  proportion 
must  be  upon  artificially  underdrained  land. 

These  statements  from  one  so  experienced  in  agricul- 
ture, and  also  in  sewage  agriculture,  as  Mr.  Mechi,  are 
valuable  ;  they  show :  1st,  that  sewage  ought  not  to  be 
apphed  to  land  for  agricultural  purposes  in  a  proportion 
so  large  as  a  daily  flow  of  1 ,000,000  gallons  to  200  acres ; 
2nd,  that  a  proportion  of  1,000,000  gallons  to  33,000  acres 
is  sufficient  for  cereal  crops ;  3rd,  that  a  proportion  of 
1,000,000  gallons  to  16,393  acres  is  sufficient  for  irriga- 
ting grass ;  and  4th,  that  it  would  not  be  safe  generally 
to  apply  it  in  a  greater  proportion  than  1,000,000  gallons 
to  1,000  acres.  The  true  proportion  of  sewage  to  land 
for  economical  purposes  is  here  pointed  out,  but,  unfortu- 
nately, in  practice,  the  limit  laid  down  by  Mr.  Mechi  has 
been  enormously  overstretched,  and  in  this  lies  one  of  the 
chief  reasons  of  non-success  in  sewage  farming. 

The  Elvers'  Pollution  Commissioners,  after  an  enquiry 
into  the  Croydon,  Norwood,  Worthing,  Carlisle,  and 
Edinburgh  examples  of  irrigation  in  1866  (Keport,  pp. 
13,  15),  came  to  the  following  conclusions: — 

'  Sewage  irrigation  requires  to  be  undertaken  and  con- 
ducted with  strict  attention ;  the  site  must  not  be  too  near 
to  dwelhngs,  adjoining  wells  should  be  watched,  and,  if 
the  soil  be  very  porous,  disused ;  the  sewage  must  be 
supplied  fresh  and  over  a  sufficient  area  of  land.  There 
may  be  difficulty  in  some  cases  in  finding  land  available 

»  Report,  pp.  56,  57. 
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for  sewage  irrigation,  but  with  the  exception  of  lands 
liable  to  be  flooded,  there  seems  to  be  no  soil  that  will  not 
serve  the  purpose.' 

'  Sewage  can  be  pumped  any  height,  and  carried  any 
distance.  Its  conveyance,  therefore,  to  a  given  point  is 
merely  a  matter  of  cost.' 

'  If  a  farm  be  large  enough,  there  is  no  time  when 
some  portion  of  the  land  may  not  be  capable  of  receiving 
the  sewage.' 

'  Sewage  must  be  dealt  with  continuously  as  time  itself. 

mi  *  * 

ihis  IS  a  matter  of  first  importance,  regard  being  had  to 
the  necessity  that  sewage,  as  soon  as  produced,  should  be 
removed  from  the  town  and  be  applied  whilst  fresh.' 

'  In  the  selection  of  a  site  for  irrigation  due  regard 
should  be  had  to  economical  considerations.  The  cost  of 
conveying  the  sewage  depends  partly  upon  the  distance, 
but  still  more  upon  the  height  to  which  it  is  to  be 
pumped.' 

'  The  irrigated  fields  should  be  at  least  one  mile  from 
the  town,  and,  if  possible,  in  the  direction  of  north  or 
east.' 

'  The  extent  should  not  be  less  than  in  the  proportion 
of  one  acre  to  every  150  inhabitants  whose  sewage  is  to 
be  applied.' 

'  The  carriers  should  be  so  constructed  as  to  contain 
as  little  residuum  of  the  sewage  as  possible.' 

'  Care  should  be  taken  so  to  appropriate  tlie  land  as 
to  leave  for  each  day  a  sufficient  area  available  for  irriga- 
tion.' 

The  Commissioners,  in  1867,  state  (2nd  Eeport,  pp . 
14,  16)  :  'A  sewage  farm  requires  special  and  peculiar 
management,  and  not  only  requires  a  peculiar  mode  o  f 
cultivation,  but  also  special  management  in  dealing  with 
the  produce.' 

Dr.  Voelcker  has  expressed  the  following  opinions 
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'  Nowhere  have  experiments  on  agricultural  subjects  been 
more  extensively  tried  than  in  England  ;  and,  seeing  the 
great  success  of  irrigation  with  hquid  manure  in  Flanders, 
where  the  soil  is  almost  barren,  men  have  thought  that 
the  system  ought  to  be  equally  successful  in  this  country, 
and  have  perseveringly  tried  it.  Sometimes  the  results 
have  been  advantageous,  but  generally  they  have  been  a 
complete  failure,  and  have  been  abandoned.'  'A  principle,' 
h*e  says,  'hke  that  which  informs  us  that  fertilismg 
matters  produce  their  maximum  effect  in  liquid  form, 
may  be  true  in  the  abstract,  or  with  reference  to  particu- 
lar kinds  of  plants,  or  in  certain  climates,  or  with  re- 
ference to  soils  of  a  particular  character ;  but  in  other 
cHmates  or  other  soils  there  may  be  operating  causes 
which  render  it  by  no  means  advisable  to  administer 
manuring  matters  in  a  state  of  solution.' 

Had  these  foregoing  opinions  been  kept  steadily  in 
view  there  is  reason  to  beheve  that  much  of  the  expendi- 
ture upon  sewage  farming  in  this  country  might  have 
been  saved,  impracticable  and  costly  schemes  might  have 
been  avoided,  and  some  other  mode  of  meeting  the  diffi- 
culty been  sought  for. 

The  unsuitability  of  the  Enghsh  climate  for  irrigation 
purposes  has  been  too  much  disregarded  in  considering 
this  subject.  The  favourable  results  with  irrigation  in 
India,  and  on  the  continent  of  Europe,  where  the  climate 
is  totally  different  from  that  of  England,  have  frequently 
been  advanced  in  support  of  its  being  successful  in  this 
country. 

'  In  Spain,  Northern  Italy,  and  British  India,  u-riga- 
tion  on  a  large  scale  has  proved  highly  useful.  In 
Piedmont,  about  \\  miUion  of  acres  are  so  treated,  and 
in  Lombardy,  nearly  six  miUions.  The  soil  in  both  these 
countries  is  composed  of  deep  beds  of  gravel  overlaid 
with.hght  sand.    The  volume  of  water  annually  used 
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amounts  to  from  5,000  to  12,000  tons  per  acre.*  The 

atmospheric  mean  temperature  is  about  75°  Fahr.,  the 
maximum  90°,  and  in  some  places,  at  Mantua  and  Milan, 
for  instance,  even  98°.  Those  regions  have  on  an  average 
200  clear  days  of  burning  sunshine,  125  cloudy  days,  and 
but  40  of  rain.  At  Brescia,  for  two-thirds  of  the  entke 
year,  the  rays  of  a  fierce  sun  are  unchecked  by  clouds. 

'  These  facts,  viz.,  a  torrid  chmate  and  a  light  sandy 
soil  go  far  to  explain  the  splendid  results  obtained  by  the 
apphcation  of  large  volumes  of  fertilising  water  in  those 
countries.'  ^  In  England,  however,  where  it  rains  on  an 
average  for  150  days  out  of  365  with  a  moist  cloudy 
atmosphere  generally  prevailing,  these  conditions  are 
altogether  changed.  Moreover,  many  lands  in  England 
require  constant  drainage  instead  of  additional  moisture 
and,  excepting  in  dry  summer  seasons,  which  are  rare, 
bear  no  comparison  even  with  the  irrigated,  arid,  sandy 
plains  of  Gennevilhers  near  Paris,  or  the  sandy  wastes 
employed  for  the  sewage  of  Dantzic. 

Neither  of  these  latter  instances  of  sewage  irrigation 
can  serve  as  a  guide  in  this  country,  not  alone  because  of 
difference  in  climate,  but  because  a  portion  only  of  the 
sewage  in  each  case  is  dealt  with.  Paris  has  a  population 
of  1,857,792,  and  a  daily  volume  of  about  77,000,000 
gallons  of  domestic  sewage,  one-tenth  of  which  is  used  on 
the  land,  the  remainder  flowing  direct  into  the  river 
Seine.  About  four  years  ago  the  municipality  of  Paris 
induced  the  authorities  of  Gennevilhers  to  consent  to  the 
construction  of  an  outfall  in  that  commune.  Accordingly, 
about  400  acres  of  the  hot  and  dry  plain  of  Gennevilhers, 
with  an  arid  sandy  soil  on  a  gravelly  subsoil  of  consider- 
able depth,  capable  of  absorbing  any  quantity  of  sewage, 
were  devoted  to  the  experiment.    Under  such  favourable 

'  Equivalent  to  191  acres  for  a  daily  flow  of  1,000,000  gallons. 
'  Krepp  on  Sewage. 
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conditions  of  climate  and  soil,  luxuriant  vegetation  was 
produced.  This  induced  tlie  naunicipality  to  try  and  ex- 
tend the  operations,  which  Brought  about  powerful 
opposition  from  a  large  number  of  the  owners  or  occu- 
piers of  the  land,  who,  while  admitting  the  agricultural 
results  obtained,  objected  to  taking  the  sewage,  stating  as 
their  reason  that  during  the  experiment,  '  The  level  of  the 
land  had  already  risen  two  metres  since  1872,  that  the 
imperfectly  purified  water,  instead  of  flowing  into  the 
Seine,  has  polluted  the  wells,  penetrated  the  cellars  of 
houses,  the  graves  of  the  cemetery,  and  the  quarries, 
spreading  pestilential  odours,  and  producing  fevers,  pre- 
viously rare  and  almost  unknown.  The  contemplated 
extension,  they  urge,  would  create  an  immense  marsh, 
pestilential  not  only  to  Gennevilliers  and  Asnieres,  but  to 
Paris  itself.'  ^ 

The  sanitary  results  of  this  trial  are  not  satisfactory, 
but  that  the  agricultural  results  are  successful  there  is  no 
doubt. 

Experience  with  the  sewage  of  Dantzic  gives  no 
better  solution  of  the  sewage  difficulty.  There  the  cUmate 
differs  much  from  that  of  England.  In  1871,  some  twenty 
acres  of  land  were  brought  under  irrigation,  and,  in  1874, 
extended  to  330  acres.  The  character  of  the  land  is 
described  as  '  mostly  pure  dune-sand,  the  surface  of 
which  is  so  Hght  that  it  is  blown  about  by  the  wind.' 
The  daily  supply  of  sewage  from  the  city  is  4,428,900 
gallons,  from  a  population  of  80,000  ;  a  portion  only  of 
it  is  used,  which  is  pumped  on  to  the  land,  and  as  no 
results  of  the  cost  have  been  pubhshed  it  affords  no 
practical  data  for  a  guide.  As  regards  the  sanitary 
aspect  of  the  work,  it  is  said  :  '  The  health  of  the  neigh- 
bouring inhabitants  is  found  to  be  in  nowise  affected  by 
the  proximity  of  the  sewage  farm,  and  beyond  this  no 

'  The  Times,  Sept.  1,  1876. 
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nuisance  or  annoyance,  except  a  faint  odour  on  very  hofc 
days,  is  ever  found  to  proceed  from  the  utilisation  of  the 
sewage  in  irrigation.  In  reference  to  the  financial  aspect 
of  the  undertaking,  it  is  said  :  '  The  present  rental  from  the 
land  is  20  thalers  per  morgen,  or  about  3/.  per  morgen, 
or  U.  105.  per  acre,  and  as  the  average  is  about  330,  the 
annual  rental  is  1,440/.  When  the  acreage  is  doubled,  the 
results  will  repay  expenses ;  but  it  is  intended,  eventually, 
to  quadruple  the  present  acreage.'  ^  From  the  experience 
at  Dantzic,  therefore,  nothing  more  is  gathered  than  that 
good  crops  have  been  raised  upon  a  sandy  soil,  but  no  ac- 
count of  the  cost  of  dealing  with  town  sewage  is  made  out. 

Too  frequently  has  this  subject  been  viewed  from  one 
or  two  points  only,  to  the  exclusion  of  others  which  claim 
equal  consideration.  Either  the  agricultural,  the  com- 
mercial, or  some  other  element  has  been  made  a  pro- 
minent starting  point  of  inquiry,  and  in  many  reports 
upon  sewage  disposal,  one  leading  idea  can  be  traced 
throughout,  irrespective  of  others  equally  important  and 
necessary.  The  subject  is  one  that  should  be  carefully 
considered  from  many  points  of  view,  taken  in  conjunction 
one  with  another,  before  a  sound  opinion  can  be  arrived 
at,  and  if  this  is  not  done,  conclusions  must  be  more  or 
less  practically  misleading  and  worthless.  Sewage  dis- 
posal should  be  carefully  weighed  in  the  following 
aspects  : — 

I.  Sanitary. 

II.  Engineering. 

III.  Chemical. 

IV.  Agricultural. 
V.  Commercial. 

VI.  Economical. 


VII.  Local  circumstances 


I.  Price  of  land, 
II.  Position  of  land. 

III.  Character  of  its  surface. 

IV.  Character  of  subsoil. 
V.  Composition  of  sewage. 

Engineering,  April  14,  June  23,  Oct.  13,  1876. 
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A  strong  feeling  hitherto  appears  to  have  existed 
between  advocates  of  irrigation  and  advocates  of  precipi- 
tation, which  has  stood  very  much  in  the  way  of  sanitary 
progress.  On  the  one  hand  there  has  been  a  determi- 
nation to  irrigate  with  sewage  under  any  circumstances, 
while  on  the  other  hand,  there  has  been  a  strong  effort 
made  to  employ  precipitation  ;  in  some  cases  filtration 
alone  has  been  advocated,  and  so  rival  feelings  have 
striven  together,  not  to  solve  the  difficulty,  but  to  gratify 
self-opinion. 

The  sooner  this  ceases  to  be  the  case  the  better  it  will 
be  for  all  parties;  for  the  treatment  of  water-carried 
sewage  requures  one  system  as  much  as  the  other  to  effect 
its  purification. 

There  are  other  reasons  why  sewage  treatment  has 
not  made  more  progress.  The  Eivers'  Pollution  Com- 
missioners advocated  sewage  farming  and  irrigation  as 
the  means  to  be  employed,  and  the  fact  of  large  crops  of 
mangold  wurtzel,  rye  grass,  cabbages,  &c.,  being  raised 
under  sewage  irrigation,  was  taken  as  sufficient  reason  for 
this  mode  of  treating  sewage,  regardless  of  cost. 

In  1865,  the  Eivers'  Pollution  Commissioners  in  their 
third  Eeport  state,  '  that  the  right  way  to  dispose  of  town 
sewage  is  to  apply  it  continually  to  land,  and  it  is  only 
by  such  application  that  the  pollution  of  rivers  can  be 
avoided.'  In  the  same  Eeport  the  Commissioners  say: 
'  The  financial  results  of  a  continuous  appHcation  of  sewage 
to  land  differ  imder  different  local  cu-cumstances.  Where 
local  circumstances  are  favourable,  and  undue  expendi- 
ture  is  avoided,  towns  may  derive  profit,  more  or  less 
considerable,  from  applying  their  sewage  in  agriculture. 
Under  opposite  circumstances  there  may  not  be  a  balance 
of  profit ;  but  even  in  such  cases  a  rate  in  aid,  required 
to  cover  any  loss,  need  not  be  of  large  amount.' 

Twelve  years'  further  experience  reveals  not  only  that 
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profit  is  not  to  be  obtained  from  the  application  of 
sewage  to  land,  but  that,  on  the  contrary,  in  most  cases,  a 
considerable  rate  has  been  necessary  to  meet  the  disposal 
of  sewage  by  such  means. 

The  Committee  of  the  Local  Government  Board,  in 
their  recent  Eeport,  endorse  these  opinions  of  the  Rivers' 
Pollution  Commissioners  in  favour  of  irrigation.  At  page 
116,  they  say  that  '  they  have  as  much  value  now  as  at 
the  time  they  were  made.'  In  their  own  conclusions 
(p.  xiii),  however,  they  are  careful  to  pOint  out  '  that 
town  sewage  can  best  and  most  cheaply  be  disposed  of 
and  purified  by  the  process  of  land  irrigation  for  agricul- 
tural purposes  when  local  conditions  are  favom:able  to 
its  application ; '  and  that  it  *  is  not.  practicable  in  all 
cases.' 

The  Committee  of  the  Local  Government  Board 
(Eeport,  p.  hx)  state  that  '  the  difficulties  and  excessive 
charges  in  obtaining  land  very  much  retard  local  improve- 
ments, and  tend  to  throw  the  question  of  sewage  irriga- 
tion back  ;  it  is,  however,  only  a  repetition  of  opposition 
which  every  improvement  in  civilisation  has  had  to  fight 
through.' 

Much  care  should  be  exercised  in  interpreting  this 
statement,  because  some  of  the  difficulties  where  they 
exist  can  never  be  cleared  away.  Unfortunately,  opposi- 
tion will  ever  continue,  for  the  small  value  of  water- 
carried  sewage  as  a  manure  is  now  so  well  known  to 
farmers  and  landowners,  that  only  in  exceptional  instances 
will  they  be  willing  to  co-operate  with  town  authorities 
in  the  matter. 

Land  irrigation,  with  imdefecated  sewage,  from  a 
sanitary  point  of  view,  is  a  question  that  in  these  pages  it 
is  not  intended  to  discuss.  It  has  been  argued  that  sewage 
farms  'need  not  be  a  nuisance.'  This  appears  to  be 
true,  but  in  order  to  accompHsh  this  end,  a  better,  and 
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a  more  costly,  supervision  than  in  most  cases  towns  supply, 
is  necessary.  That  some  of  the  sewage  farms  which  are 
noticed  in  this  work  are  not  in  a  proper  sanitary  condi- 
tion is  true,  as  the  sewage  runs  oflf  almost  as  foul  as  it  goes 
on  to  the  land,  and  in  others  it  ponds  on  the  surface  and 
putrefies. 

The  sanitary  state  of  sewage  farms  is  likely  to  vary 
much  from  time  to  time.  It  must  by  no  means  be  con- 
sidered conclusive  that  those  against  which  no  complaints 
are  made  are  in  every  respect  what  they  ought  to  be  as 
sanitary  works,  frequently  from  the  over- drenching  with 
sewage  or  some  other  mismanagement,  or  the  quantity  of 
land  being  inadequate  to  the  flow  of  sewage,  a  nuisance 
does  occur,  but  the  absence  of  complaint  doubtless  arises 
from  the  forbearance  of  riparian  owners,  who  see  that 
efforts  have  been  made,  and  sometimes  at  heavy  cost,  to 
abate  the  nuisance. 

Captain  Flower,  after  experience  of  various  processes 
in  the  Lee  Valley  district,  says :  '  Irrigation  farms,  whereon 
sewage  pure  and  simple  is  discharged,  is  not  a  mode  of 
disposing  of  sewage  which  commends  itself  for  universal 
adoption.''  '  Although  sewage  may  be  purified  by  a  farm 
or  a  filtration  ground  if  passed  without  deodorisation  on  to 
them,  there  is  an  unmistakable  odour  which,  healthy  or 
not,  is  by  no  means  pleasant  to  the  senses.'  '  Specially  in  my 
own  watershed,  I  think  irrigation  farms  in  the  low-lying 
districts  of  the  Lee  Valley  are  particularly  to  be  depre- 
cated. Sewage  constantly  poured  into  a  water-logged 
stratum  must  in  time  become  a  nuisance.  The  farms  at 
Ponders'  End  and  Eye  meads  are  examj^les.'  ^ 

From  the  instances  of  sewage-farming  which  follow, 
it  is  evident  that  sewage  irrigation  can  only  be  successfully 
practised  under  special  and  peculiar  circumstances,  viz., 
where  land  can  be  obtained  in  sufficient  quantity,  wliere 
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it  is  sufficiently  far  from  human  habitations,  where  it  can 
be  obtained  at  a  reasonable  price,  where  there  would  be 
no  difficulty  in  increasing  the  area,  where  the  soil  is  so 
porous  as  to  admit  of  free  and  almost  unlimited  percola- 
tion, where  the  sewage  can  reach  the  land  without  the 
aid  of  pumping,  or  very  long  and  expensive  carriers, 
where  the  produce  of  the  land  will  find  a  ready  sale,  and 
where  the  farm  is  under  good  management.  On  the 
other  hand  the  disadvantages  of  sewage  irrigation,  as  it  is 
now  practised,  are  very  numerous  and  very  formidable. 
Ii  the  first  place,  it  often  happens  that  the  sewer  out- 
fall is  so  much  below  the  level  of  the  land,  that  costly 
pumping  power  and  expensive  conduits  are  required  for 
transport  of  the  sewage.  The  necessary  quantity  of  land 
(389  acres,  at  least,  for  every  million  gallons  of  sewage 
daily)  is  not  always  to  be  obtained  at  a  reasonable  price, 
within  a  reasonable  distance  ;  for  the  land  must  be  porous, 
with  a  moderately  level  surface,  a  proper  outfall,  and  not 
liable  to  subsoil  pollution.  There  is  the  difficulty  of 
obtaining  extension  of  land  to  meet  the  increase  in 
volume  of  sewage.  In  all  cases  the  ground  must  be 
thoroughly  levelled  and  thoroughly  drained,  and  other- 
wise prepared  for  the  reception  of  the  sewage.  There  is 
the  difficulty  of  disposing  of  sewage  in  wet  weather, 
when  the  quantity  is  larger  than  usual,  and  when  the 
ground  is  already  loaded  with  moisture  ;  also  in  winter, 
when  vegetation  is  very  sluggish,  and  at  night,  when  there 
are  no  crops  to  which  it  can  be  apphed.  There  is  the 
pressing  necessity  for  continually,  systematically,  and 
thoroughly  defecating  the  sewage  so  as  to  produce  at  all 
times  an  effluent  water  which  can  be  fireely  admitted 
into  the  neighbouring  watercourses  without  the  danger 
of  polluting  them. 

There  is  the  serious  disadvantage  of  the  non-applica- 
bility of  sewage  to  any  other  crop  than  osiers,  Italian 
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rye-grass,  and  mangold-wiirtzel,  the  latter  of  which  can 
only°be  used  profitably  for  dairy  purposes. 

Ordinary  agriculture,  to  be  thoroughly  successful, 
demands  knowledge  and  acquirements  of  no  inconsider- 
able kind,  but  for  sewage  farming  still  higher  inteUigence 
and  education  are  needed. 

The  prejudice  which  exists  against  sewage-grown 
produce,  whether  it  be  well-founded  or  not,  operates  very 
much  against  its  sale.  This  difficulty  is  experienced  on 
many  sewage  farms,  and  very  recently  it  has  been  stated 
that  at  West  Derby  Sewage  Farm,  the  onions,  after 
being  refused  in  the  market,  were  consigned  to  the  dung- 
hill, the  cabbages  were  scarcely  fit  for  cattle,  and  for 
the  most  part  did  not  pay  for  the  plants."^ 

Sewage  irrigation,  it  is  stated  by  Mr.  Morgan,  was 
found  at  the  Lodge  Farm,  Barking,  not  suitable  for  market 
gardening,  inasmuch  as  the  produce  does  not  come  into 
the  market  quite  so  early,  because  sewage  water  did  not 
force  the  plants  during  the  early  cold  weather  as  much 
as  farmyard  manure.''^ 

The  subsoil  water,  if  not  properly  diverted,  is  apt  to 
reach  the  neighbouring  wells,  and  render  them  unwhole- 
some. 

In  irrigation,  sewage  is  always  liable  to  escape 
through  cracks  or  rat-holes  in  the  soil  to  some  well  or 
watercourse  without  being  purified.  An  instance  bearing 
upon  this  has  been  quoted  as  follows  (Soc.  Arts,  p.  73)  : 
'  Typhoid  fever  broke  out  in  the  small  town  of  Basle  ; 
the  excreta  went  into  a  stream  which  was  used  for  uTiga- 
ting  the  land.  A  mile  away  on  the  other  side  of  the  hill, 
was  the  town  of  Lausanne,  where  typhoid  fever  also 
broke  out ;  the  springs  were  more  than  a  mile  from  the 
iiTigated  land,  but  they  had  certain  relations  to  it,  because 

1  Local  Board  Sewage  Farming,  by  G,  Ferine,  1876. 
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it  was  noticed  that  they  sensibly  rose  when  irrigation  took 
place.    The  suggestion  arose  that  the  typhoid  material 
somehow  got  through  the  land  into  the  springs,  especially 
as  it  only  occurred  in  houses  where  that  particular  water 
was  used.    The  next  question  was — Was  there  any  com- 
munication between  the  irrigated  land  and  the  springs  ? 
and  to  test  this,  a  large  quantity  of  salt  was  iTiixed  with 
the  water,  and  the  result  was,  an  enormous  increase  of 
chlorine  was  found  in  the  springs,  showing  that  there  was 
a  connection  between  the  irrigated  land  and  the  springs. 
Then  to  ascertain  whether  there  was  a  direct  channel,  or 
if  it  arose  from  filtration,  a  large  quantity  of  flour  was 
mixed  with  the  water,  but  this  did  not  pass,  and  the 
conclusion,  therefore,  was  that  it  filtered  through  the 
earth,  and  caused  the  spread  of  disease  in  that  particular 
neighbourhood.'    It  .can  scarcely  be  said  that  this 
evidence  was  conclusive  as  to  the  spread  of  typhoid  poison  ; 
but  it  shows  that,  at  the  distance  of  a  mile,  sewage  from 
an  irrigation  ground  did  escape  into  a  spring  of  water 
used  for  domestic  purposes. 

These  circumstances  would  tend  to  a  conclusion  that 
the  present  method  of  distributing  crude  sewage  upon  land 
is  not  satisfactory,  and  point  rather  to  the  necessity  for 
deahng  with  it,  first  by -defecating  it  with  one  or  other 
of  the  best  precipitating  processes,  and  then  to  use  the 
clarified  water  upon  land  if  it  be  thought  desirable.  In 
this  manner,  the  purification  may  be  so  conducted  as  to 
suit  the  special  requirements  of  the  case ;  for  if  the 
effluent  water  is  to  be  employed  for  irrigation  purposes, 
there  is  no  need  of  such  a  careful  and  perfect  disinfection 
of  the  sewage  as  when  the  water  is  to  be  at  once  dis- 
charged into  a  neighbouring  stream.  By  this  means  a 
smaller  area  of  land  will  suffice,  and  not  only  may  the 
necessary  disinfection  be  so  accomphshed  that  the  effluent 
water  may  be  either  used  upon  land  when  the  season 
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permits,  or  discharged  into  an  outfaU  channel,  but  the 
precipitated  matter  may  be  used  as  a  manure.  _  That 
irrigation,  or  any  one  process  in  itself,  is  insufficient,  is 
clearly  evidenced  by  the  fact  that  many  of  the  objections 
which  exist  to  an  individual  process  disappear  when  two 
or  more  processes  are  taken  in  combination  with  each 
other. 


Sewage  Farm  showing  {exclusive  of  management) 

a  profit. 

Weexham,  North  Wales,  has  a  population  of  8,537, 
and  water-closets  are  used  by  30  per  cent,  of  the 
inhabitants.  The  sewage  contains  refuse  from  leather 
manufactories  and  breweries,  and  amounts  to  an  average 
dry  weather  daily  flow  of  300,000  gallons,  which,  along 
with  storm  water,  is  conveyed  by  gravitation  to  a  farm  of 
84  acres  in  extent,  having  a  gravelly  and  loamy  soil.  It  is 
held  on  lease  by  the  Corporation  at  an  annual  rental  of 
320^.  For  two  years  the  local  authorities  greatly  mis- 
managed the  farm,  and,  in  February,  1872,  it  was  sublet 
(for  350/.  a  year)^  with  the  sewage,  to  Lieut.-Colonel 
Jones,  V.  C.  who,  residing  on  the  spot  and  devoting  his 
whole  energy  and  skill  to  managing  the  undertaking,  has 
acliieved  a  fair  amount  of  success.  The  sewage  is  first 
of  all  allowed  to  subside  in  tanks,  and  about  600  tons  of 
sludge  per  annum  is  in  this  way  removed  from  it,  and 
sold  at  Is.  M.  per  ton.'  The  character  of  the  soil  being 
suitable,  the  expense  of  underdraining  it,  with  the  excep- 
tion of  mains,  has  thus  been  saved.  Storm  water  is  not 
excluded  from  the  sewers,  but  the  flow  of  liquid  sewage 
on  to  the  farm  in  wet  weather  is  limited  to  500,000 
gallons  a  day,  or  about  one-half  the  flow  after  24  hours' 
rain.    All  surplus  liquid  over  and  above  that  quantity  in 
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wet  or  stormy  weather  is  discharged  dh-ectly  into  a 
neighbouring  brook.^    The  land  is  used  in  the  proportion 
of  280  acres  to  a  daily  flow  of  1,000,000  gallons  of 
sewage  ;  '  about  two  acres  of  this  farm  were  prepared 
and  used  as  filter  beds,  on  the  Merthyr  plan,  during  the 
first  year  ;  but  it  has  subsequently  been  found  unnecessary 
to  waste  any  of  the  hquid  sewage  by  such  means,  as  it  can 
always  be  used  to  greater  advantage  in  wide  irrigation.'  ^ 
The  Corporation  of  Wrexham,  by  this  arrangement, 
appear  to  obtain  a  return  sufficient  to  cover  the  interest 
on  the  outlay  of  1,000/.'^  on  the  necessary  works  in  con- 
nection with   this   undertaking.    Colonel  Jones,  after 
working  the  farm  for  three  years,  pubhshed  his  accounts,^ 
which  are  not  given  in  full,  but  state  '  that  although  the 
first  year  showed  a  loss  of  22/.   85.  ^d.  the  second, 
third,  and  fourth  year's  working  have  each  shown  a 
considerable  |)rofit ;  thus,  in  1873,  after  deducting  for 
rent  at  U.  per  acre,  interest  on  capital  at  5  per  cent,  and 
5  jDer  cent,  on  cost  of  permanent  improvements,  to  form 
a  sinking  fund  calculated  to  repay  the  amount  exj^ended  on 
such  works  within  the  term  of  lease,  a  profit  of  186/.  85.  M. ; 
in  1874,  276/.  4^.  ^\d. ;  and  in  1875,  271/.  I85. 
In  this  •  last  year  twenty  additional  acres  were  added 
to  the  farm,  but  six  acres  were  out  of  the  reach 
of  the  sewage  by  gravitation. These  figm-es  show 
a  profit  of  2/.  45.  %\d.  per  milhon  gallons  of  sewage, 
or  6|i/.  per  head  per  annum  of  the  population.  It 
should  be  noticed,  however,  that  in  these  accounts  Colonel 
Jones  makes  no  allowance  for  his  own  time  and  super- 
vision, which  require  to  be  estimated  for.    The  Mayor 
of  Wrexham  speaking  recently  in  pubhc,  said  : — '  The 
result  of  Colonel  Jones'  taking  the  farm  has  been  to 
enable  him  to  make  a  profit  out  of  it ;  but  it  must  be 
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remembered  that  lie  was  a  gentleman  who  had  an  indom- 
itable will  and  energy  in  the  management  of  anything'  he 
took  in  hand.  If  anyone  else  wished  to  succeed  m  the 
same  way,  they  would  have  to  follow  his  plan  of  getting 
up  at  four  o'clock  in  the  morning,  and  regulating  every- 
tliing  for  themselves.'  ^ 


Sewage  Farms  showing  a  moderate  loss. 

Cheltenham,  Gloucestershire,  has  a  population  of 
41,923  ;  the  sewage  is  almost  entkely  domestic  in  cha- 
racter, containing  refuse  from  8,500  water-closets,  and 
but  httle  manufacturing  refuse  from  a  few  breweries 
and  skin  yards,  and  amounts  to  a  daily  flow  of  1,250,000 
gallons.  It  is  first  received  in  subsidence  tanks,  where 
the  deposit  is  mixed  with  ashes,  and  sold  as  manure  at 
the  rate  of  25.  a  cubic  yard ;  it  then  flows  by  gravitation 
to  a  farm,  about  two  miles  distant,  comprising  131  acres 
of  chiefly  clay  land  (purchased  in  1870) ;  but,  in  addition 
to  this,  along  the  route  which  the  sewage  travels,  there  are 
330  acres  of  land  belonging  to  adjoining  proprietors, 
which  are  also  irrigated  with  it.^  The  price  paid  for  the 
farm  (which,  it  should  be  observed,  is  insufficient  in  size, 
and  requires  the  co-operation  of  the  adjoining  proprietors 
of  land  to  make  it  answer)  was  10,500Z.  The  cost  of  the 
outfall  sewers  from  the  tanks  to  the  land,  and  laying  out 
the  land  (this  is  only  partially  drained),  has  been  7,500/., 
making  a  total  of  18,000/.^  The  undertaking  has  been 
in  operation  for  five  years.  The  land  is  divided  into  five 
or  six  parcels,  and  let  annually  to  the  neighbours  at  the 
yearly  rental  of  about  7/.  per  acre,  making  a  total  of  800/., 
men  being  kept  by  the  authorities  to  attend  to  the  irriga- 
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tion.    Many  of  the  conditions  here  appear  to  be  favour- 
able, although  the  quahty  of  the  land  is  not  so,  and 
the  farm  is  situated  at  some  distance.     Heavy  legal 
expenses  have  been  avoided,  and  the  price  paid  for  the 
land  was  moderate,  viz.,  80/.  an  acre ;  but  the  chief 
element  of  success  appears  to  be  in  the  adjoining  land- 
owners' co-operation,  and  their  willingness  to  pay  a  high 
rental  for  the  sewage  land.    The  financial  accounts  show 
a  loss  of  132/.1  for  the  year  1875,  which  is  stated  to  be 
a  fair  average  annual  loss,^  or  at  the  rate  of  about  55.  %d. 
per  miUion  gaUons  of  sewage,  or  %d.  per  head  of  the  po- 
pulation ;  but  this  does  not  include  supervision,  and  when 
the  practical  and  sanitary  aspects  of  the  case  are  con- 
sidered, the  difficulties  cannot  be  said  to  be  permanently 
siu-mounted,  inasmuch  as  the  quantity  of  land  is  in- 
sufficient,^  and  the  difficulties  in  obtaining  more  cannot 
be   foreseen.    The  adjoining  parishes  of  Leckliampton 
and  Charlton  Kings,  with  part  of  Prestbury,  are  about  to 
be  united  with  Cheltenham  for  sewerage  purposes,  which 
will  bring  up  the  total  population  to  50,000,  or  there- 
abouts ;  already  it  is  said  that  '  it  would  be  more  con- 
venient if  they  had  a  larger  area  of  land,  and  they  were 
trying  to  obtain  some  more  for  the  purpose ' ;  *  so  that  when 
these  additions  are  all  made,  it  is  evident  that  more  land 
must  be  acquired  if  the  present  system  is  adhered  to. 
The  Medical  Officer  of  Health  for  the  district  states,  that 
'  he  had  known  the  place  for  nearly  forty  years,  and 
comparing  its  former  state  with  what  it  was  now,  he 
could  trace  a  wonderful  improvement.    A  sewage  farm 
would  occasionally  give  rise  to  insufferable  odours  ;  but 
the  land  was  chiefly  under  grass,  that  being  found  the 
most  convenient  way  of  applying  the  sewage.'^ 

*  Soc.  Arts,  p.  66, 

*  This  cost  is  giveu  in  Eoseb.  Ret.,  p.  13,  as  400/. 
^  Rep.  Ass.  Pros.  Riv.  Scot.,  1876. 

"  Soc.  Alts,  p.  07.  6  Ibid.,  p.  00. 
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The  proportion  in  which  the  land  is  now  used  is  369 
acres  to  a  daily  flow  of  1,000,000  gallons  of  sewage. 

As  an  instance  of  merely  passing  the  sewage  over 
and  not  tkrougli  the  land,  it  has  been  stated  that  at  this 
farm,  when  the  irrigation  was  absolutely  confined  to  the 
surface,  though  the  weather  was  fine  at  the  time,  the 
effluent  came  off  as  weak  sewage.^ 

EuGBY,  Warwickshire^  has  a  population  of  8,400. 
The  Kugby  sewage  farm  dates  from  1853,  and  is  famous 
in  the  annals  of  sewage  irrigation.  It  was  selected  fifteen 
years  ago  as  the  seat  of  experiments  on  the  value  of 
town  sewage  for  agricultural  purposes,  by  the  Koyal 
Commissioners  appointed  to  investigate  the  matter.  These 
experiments  were  carried  on  during  the  years  1861-63, 
by  Mr.  Lawes,  on  the  part  of  the  Commission  of  which 
he  was  a  member.  They  resulted  in  the  growth  of 
crops  of  rye  grass  and  other  sewage  vegetation  of  fair 
quality.  A  great  deal  of  information  on  this  head  is 
given  in  the  Commissioners'  Eeport.'''  In  a  financial 
point  of  view,  however,  the  undertaking  has  not  suc- 
ceeded, and  the  tale  of  Kugby  farm  is  told  thus  :  'It  was 
laid  out  in  a  most  approved  fashion,  and  was  managed 
by  Mr.  Campbell,  who  had  studied  the  operations  at 
Edinbiu'gh,  but  after  eleven  years  of  experience  he  aban- 
doned it,  and  said,  in  a  letter  to  the  '  Times  '  of  Novem- 
ber 18,  1864,  that  he  had  used  the  sewage  of  Eugby 
ever  since  the  formation  of  the  works,  but  he  was  sorry 
to  say  in  a  pecuniary  point  of  view  it  had  been  altogether 
unremunerative.  After  this  it  was  taken  in  hand  by 
Mr.  Congreve  and  Mr. .  Walker,  but  they  also  abandoned 
it,  and  then  it  fell  into  the  hands  of  the  local  authorities.'^ 
The  farm  has  since  that  been  let  to  a  tenant  for  429/. 

1  Trans,  Inst.  Sur.,  1872. 

First  Rep.  Select  Com.  on  Sewage  of  Towns,  1862. 
3  The  Sew.  Ques.,  1872,  p.  145. 
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per  annum.    It  now  comprises  seventy-eight  acres  of 
loam  and  gravel  land,  lying  upon  a  clay  subsoil    It  is 
situated  about  a  mile  to  the  west  of  the  town,  and  is  held 
on  lease  by  the  Local  Board  of  Health  for  thirty  years 
at  an  annual  rental  of  344/.,  or  about  U.  106-.  per  acre' 
ihe  board  has  expended,  inclusive  of  1,139/.  \%s.  hd.  paid 
to  lessee  of  old  sewage  works,  a  sum  of  6,937/.  I85.  Id} 
upon  it,  and  on  the  necessary  works  in  connection  with 
It.    Taking  5  per  cent,  on  this  outlay,  and  adding  the 
difference  between  the  present  rent  and  that  paid  by  the 
local  board,  the  annual  charge  is  262/.,  or  1/.  15^.  \M 
per  milhon  gallons  of  sewage,  or  1\d.  per  head  of  the 
population.    In  addition  to  this,  the  tenant  shows  a  loss 
on  the  farm  for  the  year  1874,  of  24/.  25.  %\d? 

There  are  1,400  water-closets  in  use,  and  the  sewage 
amounts  to  an  average  daily  flow  of  400,000  gallons,  and 
IS  purely  domestic  in  character.  It  passes  by  gravi- 
tation on  to  the  farm,  where  it  is  first  strained  through 
perforated  boards  placed  in  depositing  tanks. 

The  proportion  of  land  used  is  195  acres  to  a  daily 
flow  of  1,000,000  gallons  of  sewage  proper.  Four  years 
ago  the  condition  of  this  farm  was  said  to  be  insanitary 

Bedford,  Bedfordshire,  has  a  population  of  16,851, 
and  3,000  water-closets  in  use.  The  daily  flow  of  sewage 
amounts  to  700,000  gallons,  which  is  purely  domestic  in 
character,  containing  no  manufacturuig  refuse.  It  flows 
about  a  mile,  and  is  then  pumped  to  a  height  varying 
from  10  to  20  ft.  on  to  a  farm  which  originally  was  130 
acres  in  extent,  but  an  additional  quantity  of  land  (53 
acres)  has  since  been  acquked,  making  the  total  area  of 
the  farm  183  acres,  of  which  27J  acres  belong  to  the 
Corporation,  and  the  remainder  is  held  on  lease  for  twenty 
years  at  an  average  annual  rental  of  5/.  per  acre.  The 

'  Rocli.  Ret.,  p.  12.  «  Loc.  Gov.  Bd.  Rep.,  p.  26. 

^  The  Sow.  Quest.,  1872,  p.  11. 
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oravelly  and  loamy  character  of  the  soil  is  most  favour- 
able. The  amount  expended  on  the  pumping  station, 
preparation  of  the  land,  &c.,  has  been  9,200/.i  The 
average  annual  workmg  expenses  for  the  years  ending 
December  31,  1874-75,  inclusive  of  rent,  and  the  cost  of 
pumping,  has  been  2,560/.  The  average  anaual  return 
from  sale  of  produce  during  the  same  periods  has  been 
2,421Z.,2  gQ  ^^^^  inclusive  of  5  per  cent,  interest  on  the 
capital,  the  annual  expense  amounts  to  599/., or  2/.  6s.  lO^rf. 
per  milhon  gallons  of  sewage,  or  at  the  rate  of  ^\d.  per 
head  of  the  population.  The  farm  is  distant  only 
about  1,000  yards  from  the  town,  and  almost  all  circum- 
stances here  are  favoiu-able  to  the  undertaking,  including 
the  rent  J  which  is  moderate.  The  character  of  the  soil  is 
so  suitable,  that,  with  the  exception  of  mains,  it  has  not 
been  found  necessary  to  underdrain  it,  and  the  cost  of  its 
preparation  has  not  exceeded  15/.  an  acre.  The  farm  is, 
moreover,  situated  in  a  locality  well  suited  for  the  sale  of 
produce,  and  no  difficulty  is  experienced  on  this  point.  It 
has  been  in  operation  seven  years.  The  proportion  of 
land  used  is  261  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage. 

Bishops  Stoetfoed,  Hertfordshire.,  has  a  population 
of  6,250,  and  a  daily  flow  of  about  500,000  gallons  of 
sewage  proper  (the  flow,  owing  to  large  quantities  of 
subsoil  water  getting  into  the  sewers,  is  about  double), 
containing  no  manufacturing  refuse.  This  is  an  instance 
of  a  sewage  farm  which,  having  been  in  operation  four 
years,  in  a  sanitary  point  of  view  is  spoken  well  of :  '  The 
sewers  have  a  very  large  quantity  of  infiltrated  subsoil 
waters,  and  the  sewage  is  very  weak.  This  being  the 
case,  and  to  save  pumping,  about  four  or  five  hours  of 
the  night-flow  is  filtered  through  gravel  and  charcoal, 

^  Loc.  Gov.  Bd.  Rep.,  pp.  7  and  xxxviii. 

^  Publisliod  accounts  for  borough  of  Bedford  Irrigation  Farm,  1874-76. 
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the  rest  being  pumped  daily,  Sundays  included,  on  to  the 
farm.'i  The  character  of  the  soil  (gravel  and  loam)  is 
in  this  instance  suitable,  and  other  circumstances  are 
favourable  to  irrigation  ;  the  sewage  has  to  be  conveyed 
to  the  farm  by  an  outfall  sewer,  1,500  yards  in  length, 
and  hfted-  by  pumping  to  three  different  levels.  The 
farm  consists  of  ninety-seven  acres,  of  which  eighty-one 
acres  are  freehold,  purchased  at  a  cost  of  6,675/.,  and 
sixteen  acres  are  held  on  lease  for  thirty  years  at  an  annual 
rental  of  3/.  per  acre.  A  sum  of  1,000/.  has  been  spent 
on  works.  The  cost  of  pumping  the  sewage  is  468/.  a 
year,  the  working  expenses  of  the  farm  during  the  year 
1875  were  508/.  and  the  return  by  sale  of  produce  for  the 
same  period,  877/.  Therefore,  the 'actual  annual  charge 
to  the  ratepayers,  inclusive  of  interest  at  5  per  cent,  on 
the  capital  invested,  but  exclusive  of  supervision  by  town 
authorities,  amounts  to  533/.,  or  at  the  rate  of  2/.  I85.  4c/. 
per  million  gallons  of  sewage,  or  Is.  %\d.  per  head  of 
the  population.  The  quantity  of  land  used  is  in  the 
proportion  of  194  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage.  The  price  of  the  land  purchased 
was  at  the  rate  of  82/.  per  acre. 

Altrincham,  Cheshire^  has  a  population  of  about 
9,000,  and  about  250  water-closets  in  use.  There  is  a 
farm  of  fifty-five  acres  of  suitable  land  (chiefly  moss  soil, 
originally  forming  part  of  Carrington  Moss)  for  the  dis- 
posal of  the  sewage,  which  amounts  to  250,000  gallons 
per  day.  The  sewage  contains  no  manufacturing  refuse, 
and  is  delivered  at  a  distance  of  two  miles  on  to  the 
farm  by  gravitation.  The  land  has  been  secured  at  a 
reasonable  rental  of  4/.  per  acre  upon  a  lease  for  twenty 
years.  The  farm  has  been  in  operation  five  years.  The 
necessary  works  have  cost  3,000/.  The  average  annual 
loss  on  the  working  of  the  farm  during  the  years  1873, 

'  Soc.  Arts,  p.  43. 
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1874,  and  1875,  is  said  to  have  been  131/.,  so  that,  if  5  per 
cent,  interest  on  the  capital  spent  be  added,  the  total 
annual  loss  is  281/.,  or  3/.  Is.  Id.  per  million  gallons  of 
sewage,  or  at  the  rate  of  lid-  per  head  of  the  population. 
The  land  is  used  in  the  proportion  of  220  acres  to  a  daily 
flow  of  1,000,000  gallons  of  sewage.  It  should  be  borne 
in  mind  that  all  the  conditions  here  appear  favourable  to 
the  system  adopted. 

In  the  year  1864  an  injunction  was  granted  against 
the  local  board  of  Banbuey,  Oxfordshire,  for  polluting 
the  river  Cherwell,  and,  subsequently,  a  sequestration  order 
was  issued.    The  board  constructed  tanks  for  the  re- 
ception of  the  water-carried  sewage  of  the  town,  with 
a  view  of  diverting  it  from  that  river,  and  about  ten 
years  ago  obtained  a  farm  of  138  acres.    This  farm, 
with  an  additional  100  acres  of  land,  was  afterwards 
purchased  for  a  sum  of  23,500/.    In  laying  out  the  land, 
and  constructing  pumping  station,  tanks,  and  necessary 
works,  a  fiu'ther  sum  of  5,500/.  was  expended,  making 
a  total  of  29,000/.^    138  acres  of  this  land,  which  is 
described  in  character  as  a  sandy  clay  soil,  not  very 
porous,  the  greater  part  stiff  and  tenacious,  with  a  clay 
subsoil,  underdrained  to  the  depth  of  three  feet,  is  used 
as  a  sewage  farm.    The  remaining  100  acres,  with  the 
farm-buildings  thereon,  are  let  at  3/.  hs.  per  acre.  The 
sewage  from  a  population  of  11,718,  where  water-closets 
are  in  use  to  the  number  of  about  2,400,  amounts  to 
a  daily  flow  of  320,000  gallons,  and  contains  a  small 
amount  of  manufacturing  refuse  from  a  tweed  manu- 
factory.   It  is  received  into  tanks,  where  it  is  allowed  to 
subside,  and  is  also  strained.    The  deposit  in  these  tanks 
is  generally  mixed  with  town  sweepings,  &c.,  and  sold 
for  manure ;  this  being  carried  on  in  the  town,  is  very 
objectionable.    The  sewage  is  pumped  fr^om  the  tanks, 

^  Rocli.  Ket.,  p.  4 ;  a,ud  Loc.  Gov.  Bd.  Rep.,  p.  4. 
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a  height  of  21  ft.  and  a  distance  of  about  a  mile,  on  to 
the  farm.  The  average  annual  working  expenses  during 
the  two  years,  1875  and  1876,  inclusive  of  pumping,  has 
been  657/.  The  average  annual  return  by  sale  of  farm 
produce,  manure,  rent,  &c.  during  the  same  periods,  has 
been  1,695/.^  If,  therefore,  5  per  cent,  interest  on  the 
capital  expended  be  added,  the  total  annual  cost,  exclu- 
sive of  supervision,  is  412/.,  or  at  the  rate  of  3/.  lOs.  Id. 
per  million  gallons  of  sewage,  or  '^\d.  per  head  of  the 
population.  The  land  has  been  purchased  at  a  moderate 
price,  viz.,  99/.  per  acre,  and  it  is  used  in  the  proportion 
of  431  acres  to  a  daily  flow  of  1,000,000  gallons  of 
sewage. 

Kendal,  Westmoreland.,  has  a  population  of  13,442. 
The  plan  adopted  is  that  of  irrigation,  aided  by  subsidence 
and  straining  in  tanks  of  the  fascal  matter,  heavy  de- 
tritus, &c.,  and  filtration  through  land.  About  450  water- 
closets  are  in  use,  and  the  sewage  contains  refuse  from 
woollen  manufactories,  tanneries,  &c.  It  is  exceedingly 
weak  and  dilute  in  character,  owing  to  extensive  per- 
colation of  springs  and  subsoil  water  into  the  sewers, 
and  amounts  to  the  large  daily  flow  of  1,750,000  gallons. 
The  farm  to  which  it  flows  by  gravitation  is  sixty-five 
acres  in  extent,  of  a  sandy  loam  upon  a  gravel  bed. 
Eleven  acres  of  this  are  used  for  irrigation,  five  acres  are 
used  for  filtering  beds,  and  the  remaining  forty-nine  acres 
are  used  for  the  disposal  of  the  sohd  matter  and  sediment 
from  the  tanks.  This  composite  system  has  been  in 
operation  for  about  three  years.  The  amount  paid  for 
the  land  was  16,371/.  145.  5(i.,  or  about  252/.  an  acre. 
The  cost  of  levelling  sixteen  acres  was  400/.,  or  25/. 
an  acre,  and  the  cost  of  preparing  five  acres  for  filtration 
was  1,400/.,  or  280/.  per  acre,  which,  together  with  700/. 
spent  upon  the  farm-buildings,  makes  a  total  outlay  up  to 

'  Published  Accounts  of  Local  Board,  &c. 
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the  present  time  of  18,871/.^  The  Corporation  are,  how- 
ever, now  preparing  a  double  quantity  of  land  for  filtering 
purposes,  five  acres  not  being  found  sufficient.^  The 
filtration  areas  are  cultivated,  and  the  average  annual 
working  expenses  during  the  years  1874  and  1875  have 
been  223/.  and  the  average  annual  returns  by  sale  of 
produce,  &c.,  diuring  the  same  periods,  have  amounted  to 
512/.^  If,  therefore,  5  per  cent,  interest  be  added  for 
capital  expended,  the  annual  charge  would  amount  to 
658/.,  or,  exclusive  of  supervision,  at  the  rate  of  3/.  1 2s.  Id. 
per  million  gallons  of  sewage,  or  \\%d.  per  head  of  the 
population. 

In  reference  to  the  financial  results  of  this  under- 
taking, an  authority  recently  says :  '  The  rye  grass  and 
meadow  grass  pay  fairly  well.  The  filtration  area  about 
repays  the  cost  of  labour  in  applying  the  sewage,  the 
rent  of  land  and  interest  on  the  cost  of  levelling  and 
farming  the  land  being  lost,  being  in  fact  the  cost  at 
which  the  sewage  is  purified.' 

The  circumstances  are  all  so  favourable  in  the  case  of 
Kendal,  that  it  is  quite  exceptional  as  an  instance  of 
sewage  irrigation,  and  caution  must  be  exercised  in  taking 
its  results  as  a  guide  for  any  other  place.  It  is  true  that 
a  high  price  has  been  paid  for  the  land,  but  the  bulk  of  it 
has  been  let  at  a  very  good  rental,  which  compensates  for 
this  outlay.  The  proportion  of  land  used  (inclusive  of 
the  forty-nine  acres  upon  which  the  deposit  is  utihsed)  is 
130  acres  to  a  daily  flow  of  one  milhon  gallons  oi  sewage 
proper,  and  exclusive  of  that  it  is  thirty-two  acres  to  the 
same^  flow.  The  quality  and  formation  of  the  land  is 
so  suited  both  for  irrigation  and  intermittent  filtration  of 

1  Abstract  of  Accounts  for  Borough  of  Kendal,  1875,  p.  21 :  and  Loc 
Gov.  Bd.  Rep.,  p.  32. 

^  Loc.  Got.  Bd.  Rep.,  p.  32, 

^  Abstract  of  Accounts  for  Borough  of  Kendal,  1874  and  1876. 
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sewage  as  to  be  quite  unique.  It  is  described  by  an 
authority  well  acquainted  with  the  works,  thus :  '  Pro- 
bably there  could  not  be  a  better  adapted  natural  filter 
found  anywhere  than  this  piece  of  land.  It  is  for  a  depth 
of  from  2J  to  4  feet  a  fine  sandy  loam,  lying  on  a  bed 
of  sand  gradually  increasing  in  size  to  the  boulder  class, 
at  a  depth  of  from  eight  to  ten  feet,  and  so  porous  that 
the  sewage  passes  right  through  it  and,  we  find,  leaves  the 
whole  of  the  impure  matters  within  the  first  three  inches 
of  the  top.' 

The  condition  of  the  sewage  dealt  with  is  also 
eminently  favourable  for  intermittent  filtration.  The 
sewage  proper  from  the  town  amounts  to  a  daily  flow  of 
only  500,000  gallons,  and  is  diluted  with  about  1,250,000 
gallons  of  spring  water  before  it  arrives  at  the  land  upon 
which  it  has  to  be  dealt  with. 


Sewage  Farms  showing  a  considerable  loss. 

DoNCASTER,  Yorkshire,  has  a  population  of  18,750. 
The  sewage  is  of  a  domestic  character,  and  almost  free 
from  manufacturing  refrise.  There  are  about  500  water- 
closets  in  use,  and  the  average  daily  flow  is  about 
700,000  gallons.  In  1870,  an  injunction  was  granted 
against  the  Corporation  for  polluting  the  river  Don.  The 
sewage  is  pumped,  to  a  distance  of  2^  miles,  and  a 
height  of  52  feet,  on  to  a  farm  belonging  to  the  Corpo- 
ration. The  farm  comprises  262  acres,  chiefly  of  sand 
and  gravel,  a  small  portion  of  it  being  clay.  The  works 
have  been  in  operation  about  three  years.  The  capital 
expended  upon  the  necessary  works,  pumping  station, 
rising  main,  &c.,  has  been  20,000/.^ 

The  authorities  pay  the  cost  of  pumping  the  sewage, 

^  Roseb.  Ret.,  p.  46. 
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&c.,  wMch  amounts  to  450/,  a  year.^  Tlie  farm  is  let 
for  fourteen  years,  at  an  annual  rental  of  800/.,  the  in- 
creased rent  of  which  is  about  equal  to  the  working  cost 
of  the  undertaking,  leaving  the  interest  of  the  20,000/.  to 
be  met  by  the  rates ;  ^  this  at  5  per  cent,  would  involve  a 
charge,  exclusive  of  supervision,  of  about  3/.  I85.  S^d 
per  milHon  gallons  of  sewage,  or  I5.  Id.  per  head  per 
annum  of  the  population.  The  proportion  of  land  used 
is  at  the  rate  of  374  acres  to  a  daily  flow  of  one  million 
gallons  of  sewage.  The  Corporation  had  not  to  purchase 
the  land  for  this  purpose,  and  possess  a  larger  quantity 
than  is  at  present  used. 

Croydon,  Surrey,  is  very  illustrative  of  the  great 
laboiu-  and  difficulty  imposed  upon  a  sanitary  authority 
by  a  sewage  farm.  The  anxieties  of  management  have 
here  been  realised  to  a  full  extent,  and  after  expe- 
riencing various  vicissitudes,  the  farm  is  again  thrown 
on  the  hands  of  the  local  board  and  its  officers.  As  far 
back  as  the  year  1857,  the  authorities  of  Croydon,  under 
pressure  from  the  Court  of  Chancery,  sought  the  purifi- 
cation of  the  sewage  of  the  town  by  its  application  to 
land.  They  commenced  with  fifteen  acres  to  utilise 
two-thirds  of  the  sewage,  but  this  resulted  in  the  creation 
of  a  serious  nuisance.^  Three  years  subsequently,  300 
acres  Of  land  (known  as  the  Beddington  meadows)  were 
taken  on  lease.  This  farm  is  well  suited  for  the  purpose, 
being  accessible  to  the  sewage  by  gravitation,  and  havmg 
a  very  porous  soil,  upon  a  deep  bed  of  gravel.  It  was 
laid  out  for  irrigation,  and  sublet  at  the  same  amount  of 
rent  paid  by  the  board,  and  also  II.  per  acre  per  annum, 
for  the  use  of  the  sewage.  This  appeared  to  be  a  most 
satisfactory  arrangement,  and  the  Eivers'  Pollution  Com- 
missioners reported: 4  'The  success  of  sewage  irrigation 

\  ^oc.  Arts,  p.  6.  2  Rogpij  j^^^^  p 

Select  Com.  on  Sewage  of  Towns,  1st  Report,  1862  p  94 
*  Rep.  Riv.  Pol.  Com.,  1868,  p.  87.  " 
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here  as  a  deodorising  and  cleansing  process  is  complete.' 
The  principal  crops  grown  were  grass,  mangold-wurtzel, 
and  water-cresses ;  of  these  latter  the  Commissioners  say : 
'  Water-cresses,  too,  have  proved  here  an  excellent  crop 
for  sewaging,  not  only  from  the  profit  derived  from  them, 
but  from  theh^  cleansing  powers  upon  the  dirty  hquid.' 
These  water-cresses  find  their  way  to  the  London  market, 
and  have  been  complained  of  by  the  late  Dr.  Smee,  F.E.S., 
as  carriers  for  disease  germs. ^  This  apparently  satisfactory 
arrangement  was,  however,  destined  not  to  continue,  for  an 
attempt  being  made  very  soon  after  to  raise  the  rent 
of  the  farm,  the  sub-tenant  dechned  to  continue  it,  and 
in  the  year  1871,  a  jomt  stock  company  was  formed  to 
work  it,  additional  land  being  acquired  to  meet  the 
growing  population  of  the  place.  The  efforts  of  '  The 
Croydon  Sewage  Farming  Company '  were  not  attended 
with  success,  and  in  three  years'  time  the  farm  again  fell 
into,  and  still  remains  in,  the  hands  of  the  local  board  for 
management.  The  burden  of  a  sewage  farm  to  local 
authorities  is  set  forth  as  follows  by  Dr.  Carpenter,  a 
gentleman  who  has  devoted  great  attention  to  the  subject. 
He  says,  in  reference  to  the  accounts  of  this  farm :  '  It 
will  be  seen  that  a  local  board  labours  under  very  great 
disadvantages  in  carrying  on  a  business  like  a  farm.  The 
wages  sheet  alone  will  prove  this,  for  there  is  no  one 
whose  pecuniary  interest  it  is  to  keep  down  the  expenses. 
Idle  hands  are  retained,  and  every  man's  hand  is  against 
the  local  board,  and  in  favour  of  the  private  individual, 
whilst  the  managers  themselves,  as  soon  as  they  become 
aware  of  the  work  that  is  before  them,  make  violent 
enemies  of  those  men  whom  they  have  prevented  from 
fattening  on  the  rates.  But  they  make  few  active  friends 
among  the  better  class  of  the  community,  who  dechne  to 
take  part  in  local  pohtics.    The  result  is  that  at  the  next 

1  Journal  of  Soc.  Arts,  Dec.  3,  1875,  p.  37. 
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election  tlie  management  is  changed,  and  most  of  the 
advantages  of  former  experience  are  lost.'  ^  The  constant 
anxiety  also  to  provide  additional  land  to  meet  a  rapidly 
increasing  population,  and  with  it,  a  greater  flow  of 
sewage,  is  heavily  felt  by  the  Croydon  authorities.  The 
population  of  Croydon  including  South  Norwood  is  at 
present  about  57,000.  The  sewage  is  in  character  purely 
domestic,  there  being  11,000  water-closets  in  use,  and  no 
manufactories.  It  is  extremely  weak,  owing  to  leakage 
of  subsoil  water  into  the  sewers,  and  amounts  to  an 
average  daily  flow  of  about  3,000,000  gallons.  This 
flows  in  two  directions,  for  there  are  now  two  farms, 
the  Beddington  Farm,  containing  465  acres  of  very 
porous  gravelly  soil,  and  the  Norwood  Farm,  containing 
60  acres  of  a  less  favourable  soil  or  stiff  clay.  The  solids 
are  extracted  from  the  sewage  by  means  of  Latham's 
extractors,  and  mixed  with  town  refuse,  and  the  hquid 
sewage  flows  on  to  the  land  by  gravitation  in  both  cases. 
The  chief  portion  of  the  land,  viz.,  that  at  Beddington,  is 
leased  at  the  moderate  annual  rental  of  4Z.  per  acre ;  that 
at  Norwood,  which  has  been  acquired  at  a  more  recent 
date,  is  rented  at  10/.  an  acre.  The  expenditure  upon 
the  necessary  works  is  stated,  inclusive  of  the  Norwood 
Farm,  to  have  been  29,214/.;^  an  average  of  ten  years' 
working  expenses  has  been  given,^  but  the  farm  has 
passed  through  too  much  mismanagement  and  too  many 
changes,  during  that  period,  to  admit  of  this  result  being  a 
fair  guide.  Its  average  yearly  working  expenses  during 
the  two  years  1875-76  were  9,856/.  19^.  U.  The 
average  annual  receipts  from  sale  of  produce  during  the 


1  Soc.  Arte,  p.  22. 

*  Roch.  Ret.,  p.  6.  This  amount  is  given  in  Rosel).  Ret.  as  21,740^. ; 
and  in  a  report  puUished  in  the  Leamington  Clironicle,  Dec.  4,  1875,  as 
61,188/. 

*  Soc.  Arts,  p.  20.   Apparently  the  cost  of  the  Norwood  farm  is  not 
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same  period  were  7,008/./  thus  showing  an  annual  loss 
(if  5  per  cent,  interest  on  the  capital  spent  be  added) 
exclusive  of  supervision  of  4,311/.  or  about  3/.  18s.  M. 
per  million  gallons  of  sewage,  or  Is,  6i.  per  head  of  the 
population.  The  proportion  of  land,  which  is  chiefly  of 
the  best  quahty  for  the  purpose,  used,  is  175  acres  to  a 
daily  flow  of  1,000,000  gallons  of  sewage.  Croydon 
farm  does  not  bear  an  unblemished  sanitary  character,^ 
and  although  it  has  been  stated  that  the  effluent  water 
from  it  passes  ofl"  in  a  very  satisfactory  condition,  on  the 
other  hand  it  has  been  stated  that  the  sewage  as  it  enters 
upon  the  land  is  very  dilute,  and  consequently  so  free  from 
organic  impurities  as  scarcely  to  be  recognised  as  sewage 
at  all.3 

Analyses  of  the  sewage  and  of  the  effluent  waters  from 
both  farms,  taken  from  the  first  Keport  of  the  Elvers'  Pollu- 
tion Commissioners,  1868,  p.  84,  are  given  in  the  Appendix. 

Ebigate,  Surrey,  has  a  population  of  15,916.  Water- 
closets  are  in  universal  use,  and  the  sewage  contains  a 
small  amount  of  manufactming  refuse  from  tan-yards. 
The  daily  flow  is  about  480,000  gallons.  Mgation 
commenced  upon  forty-three  acres  of  land,  which  were 
prepared  to  receive  the  sewage  of  Kedhill  and  the 
eastern  side  of  the  borough,  and  7f  acres  of  meadow  laud. 
In  1872,  an  additional  farm,  comprising  58|  acres  was 
added,  making  the  total  about  110  acres.  Upon  these  works 
3,463/.  have  been  spent  in  preparing  the  first  acquii-ed 
area  for  irrigation  ;  a  sum  of  1,229/.  for  the  purchase  of 
7|  acres  of  meadow  land,  and  8,387/.  for  the  purchase  of 
the  latter  farm ;  making  a  total  up  to  the  present  time 
of  13,079/.    The  excess  of  expenditm^e  on  the  farm  over 

included  in  these  figures ;  if  not,  the  loss  upon  the  whole,  collectively,  will 
be  higher  than  what  is  here  stated. 

1  Soc.  Arts,  p.  20. 

^  The  Sew.  Quest.,  1872,  p.  20. 
Trans.  lust.  Sur.,  1872-73,  pp.  206,  283. 
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the  amount  received  for  produce  during  the  year  1875, 
was  104/.  95.  Id.^  so  that  with  5  per  cent,  interest  on 
capital,  the  total  annual  expenditure  so  far  amounts  to 
754/.,  or  about  4/.  6..  U.  per  miUion  gallons  of  sew- 
age, or  \s.  per  head  of  the  population.^  The  land  is 
chiefly  of  clay  soil,  and  is  used  in  the  proportion  of 
about  228  acres  to  a  daily  flow  of  one  million  gallons  of 
sewage. 

The  sanitary  aspect  of  this  work  hitherto  appears  not 
to  have  been  satisfactory,  for,  in  1873,  it  was  stated  that 
the  Sewage  Committee  of  the  British  Association  had 
examined°it  on  three  occasions,  and  condemned  it.^  ^  It 
was  also  described  as  '  swamped  and  saturated,'  not  being 
underdrained,  and  that  the  efiluent  water  was  but  weak 


sewage.* 


Chorley,  Lancashire,  has  a  population  of  18,000, 
with  200  water-closets,  contributing  an  average  daily  flow 
of  500,000  gallons  of  sewage,  including  subsoil  drainage 
rainfall,  manufacturing  refuse  from  cahco  print  works, 
logwood  dye  works,  and  bleaching  works.  In  1867,  an 
injunction  was  granted  to  prevent  the  sewage  polluting 
the  river  Yarrow.  There  is  one  farm  of  eighty-seven 
acres,  and  a  second  farm  of  forty-six  acres  in  extent. 
The  nature  of  the  soil  is  partly  a  stifi"  clay  subsoil,  and 
partly  an  adhesive  loam  and  sandy  subsoil.  The  sewage 
is  dehvered  by  gravitation,  and  the  farm  has  been  in  ope- 
ration for  six  years.  Here  the  circumstances  are  favour- 
able to  irrigation  with  two  exceptions,  viz.,  the  land  is  of 
unsuitable  quahty,  and  it  is  distant  a  mile  and  a  half. 
The  price  paid  for  the  larger  farm  was  6,995/.,  and 
the  cost  of  its  preparation  for  sewage,  3,994/.  That  paid 
for  the  smaller  farm  was  5,000/.,  and  the  cost  of  its  im- 
provement, 400/.    The  latter  ftirm  was  purchased  two 

1  8oc.  Arts,  p.  14.  *  Tlie  works  are  not  yet  completed. 

»  Tralia.  luat.  Sai-.,  1872-73,  p.  291.      *  Trans.  lust.  Siu-.,  p.  312. 
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years  ago.  It  is  let  at  an  annual  rent  of  90/.,  and  is  only 
used  for  sewage  to  the  extent  of  ten  acres.  The  cost  of 
working  the  farm  in  the  year  1875,  was  906/.,  and  the 
receipts  for  the  same  period,  847/.i  If,  therefore,  in- 
terest be  charged  at  the  rate  of  5  per  cent,  on  the  capital 
spent,  the  total  annual  charge  upon  the  ratepayers,  ex- 
clusive of  supervision  by  town  authorities,  amounts  to 
784/.,  or  at  the  rate  of  4/.  55.  \\d.  per  milhon  gaUons  of 
sewage,  or  \^\d.  per  head  of  the  population. 

It  appears  from  the  foregoing  that  the  quantity  of 
land  used  is  in  the  proportion  of  about  266  acres  to  a  daily 
flow  of  one  milhon  gallons  of  sewage.  That  the  price 
paid  for  land  was  in  one  instance  about  70/.  per  acre ; 
and  in  the  other,  108/.  per  acre  ;  and  that  the  cost  of 
preparing  the  land  for  receiving  the  sewage  has  been 
altogether  40/.  per  acre. 

Waewick  is  an  instance  of  sewage  disposal  by  irri- 
gation where,  excepting  that  the  land  has  been  obtained 
at  a  moderate  rental,  most  of  the  conditions  necessary  to 
success  are  wanting.  It  hfis  a  population  of  11,000,  con- 
tributing an  average  daily  flow  of  700,000  gallons  of 
almost  entirely  domestic  sewage  from  about  2,000  water- 
closets,  with  only  a  small  amount  of  manufacturing  refrise 
from  gelatine  works.  In  1868,  legal  proceedings  were 
tJireatened  on  account  of  the  pollution  of  the  river  Avon, 
and  a  scAvage  farm  obtained  about  1^  mile  distant  fr'om 
the  town  ;  it  contains  135  acres  of  stifi'  clay  and  clayey 
subsoil  land,  a  character  most  unsuitable  for  sewage 
irrigation.  It  is  held  on  lease  for  twenty-one  years  from 
1866,  at  a  yearly  rent,  for  the  first  five  years,  of  404/., 
and  for  the  remainder  of  the  term  at  471/.  lO^,^  The 
sewage  is  pumped  a  distance  of  three-quarters  of  a  mile, 
and  to  a  height  of  65  feet,  on  to  the  farm.    The  cost 

>  Roseb.  Ret.,  p.  19.  »  Loc.  Gov.  Bd.  Rep.,  p.  29. 
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of  the  pumping  station,  necessary  preparation  of  tlie  land, 
&c.  has  been  11,000/.'  The  average  annual  cost  of 
working  the  farm,  inclusive  of  rent  and  the  cost  of 
pumping,  during  the  years  1873-75,  has  been  2,065/.^ 
The  average  annual  retiu-n  by  sales  of  produce  during  the 
same  period  has  been  948/.^  If,  therefore,  interest  be 
charged  on  the  capital  spent  at  the  rate  of  5  per  cent, 
the  total  annual  charge  falhng  upon  the  town,  exclusive 
of  supervision,  is  1,667/.,  or  6/.  lOs.  h%d.  per  million 
gallons  of  sewage,  or  at  the  rate  of  3s.  per  head  of  the 
population.  Notwithstanding  this  heavy  charge  the  sew- 
age is  not  completely  purified,  a  large  quantity  of  it  passes 
only  over  and  not  through  the  land,  and  runs  off  almost 
in  the  same  condition  as  it  flows  on.*  »  The  farm  has 
hitherto  been  worked  by  the  Corporation,  but  in  con- 
sequence of  its  non-success  in  their  hands,  a  private 
company  was  formed,  in  1875,  who  took  a  lease  of  it  at 
the  same  rental  as  that  paid  by  the  Corporation.  The 
proportion  of  land  to  sewage  is  at  present  about  203 
acres  to  a  daily  flow  of  1,000,000  gallons,  but  it  is  quite 
insufficient  for  the  purpose,  and  great  difficulty  is  expe- 
rienced in  obtaining  more. 

KiDDERMiNSTEE,  Worcestershire,  has  a  population  of 
19,463,  and  a  daily  flow  of  1,120,000  gallons  of  sewage, 
containing  manufacturing  refuse  from  carpet  factories  and 
dye  works.  It  is  received  in  large  tanks,  and  is  disposed 
of  on  a  farm  of  170  acres,  the  soil  of  which  being  hght 
and  gravelly,  and  described  as  of  a  hungry  sandy  natiure, 
is  well  suited  to  the  purpose.  Other  circumstances  are 
also  favourable ;  but  the  fact  that  the  sewage  has  to  be 
pumped  a  distance  of  four  miles  and  a  height  of  about 

1  Roseb.  Ret.,  p.  41. 

^  Published  Abstracts  of  Accounts  of  Local  Board. 
s  Ibid  4  The  Sew.  Ques.,  1872,  p.  9. 
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100  feet,  imposes  a  heavy  cost  upon  the  town  as  will  be 
seen  by  the  following  figures :  


Cost  of  Works. 


Pumping  station . 

Rising  main 

Engines  and  boilers 

Site  for  pumping  station 

Miscellaneous 

Engineer's  charges 

Compensation 

Expenses  in  raising  loans 

Sewage  farm 

Laying  out  ditto 

Pipes  for  ditto  . 

Total  . 


£ 

s. 

d. 

11,816 

0 

0 

1,402 

7 

6 

4,409 

4 

6 

1,088 

0 

3 

167 

10 

8 

1,000 

0 

0 

583 

8 

6 

382 

18 

8 

15,971  11 

9 

1,931 

11 

1 

96 

13 

11 

38,849 

6 

101 

The  farm  has  been  in  operation  about  three  years. 
During  two  years  of  that  time  it  was  managed  by  the 
Corporation,  and  in  the  year  1873-4  the  cost  of  working 
it,  inclusive  of  361^.  for  pumping  the  sewage,  was  2,249^.^ 
The  return  by  sale  of  produce  during  the  same  period 
was  1,311^.^  So  that  inclusive  of  5  per  cent,  interest  on 
the  capital  expended,  but  exclusive  of  supervision,  the 
total  annual  cost  to  the  town  was  2,880Z.,  or  at  the  rate 
of  11.  Os.  \\d.  per  milhon  gallons  of  sewage,  or  25.  \\\d. 
per  head  per  annum  of  the  population.  During  the  year 
1875,  however,  the  Corporation  obtained  a  tenant  for  the 
farm  at  an  annual  rental  of  510/.,  which  reduces  this 
charge  upon  the  ratepayers  to  \s.  \M.  per  head  per 
annum  of  the  population.  The  expenses  connected  with 
this  work  appear  to  be  heavy,  although  the  land  which  is 
suitable  was  acquired  at  the  reasonable  price  of  94/.  per 
acre,  and  the  cost  of  its  preparation  to  receive  the  sewage 
does  not  appear  to  have  exceeded  12/.  per  acre.  The 


^  Abstract  of  Accounts  of  Borough  of  Kiddoriniuster,  1874. 
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quantity  of  land  used  is  in  the  proportion  of  152  acres  to 
a  daily  flow  of  1,000,000  gallons  of  sewage. 

Lemiington,  Warwickshire,  has  a  population  of 
24,000,  and  the  sewage  amounts  to  a  daily  average  flow 
of  800,000  gallons.  It  is  purely  domestic,  there  being 
about  8,000  water-closets  in  use,  with  no  manufacturing 
refuse.  In  1861,  the  authorities  constructed  tanks  and 
outfall  works  at  a  cost  of  8,000/.,  and  used  the  hme  pro- 
cess ;  but  an  injunction  was  granted  against  them  in  1866 
for  polluting  the  river,  and,  as  proper  steps  were  not 
taken  to  abate  the  nuisance,  in  1867  an  order  of  seques- 
tration was  issued.  Lime  treatment  was  then  aban- 
doned, and,  after  a  trial  of  the  ABC  process  in  1868, 
an  oflfer  made  by  the  Earl  of  Warwick  was  accepted. 
During  that  year,  however,  the  authorities  spent  1,500/. 
in  improving  the  condition  of  the  river,  and  also  a  sura  of 
5,000/.  in  legal  expenses.  The  authorities  of  Leaming- 
ton have  acquired  no  land,  but  have  the  privilege  of 
pumping  the  sewage  on  to  the  Earl  of  Warwick's  farm  at 
Heathcote,  near  Warwick,  not  only  without  payment,  but 
his  lordship  pays  the  Corporation  450/.  a  year  for  doing 
so.  This  arrangement  has  been  entered  into  for  a  term 
of  thirty  years  from  1871.  The  cost  of  the  necessary 
works  for  pumping  the  sewage  on  to  Lord  Warwick's 
land,  a  distance  of  2|;  miles  and  a  height  of  120  feet, 
has  been  16,239/.,  making  a  total  expenditure  of  30,739/. 
The  working  expenses  for  pumping  are  about  1,000/.  a 
year,  so  that,  inclusive  of  5  per  cent,  interest  on  the 
capital  expended,  and  deducting  the  payment  made  by 
Lord  Warwick,  the  total  annual  cost  to  Leamington 
amounts,  exclusive  of  supervision,  to  2,086/.,  or  at  the 
rate  of  71.  2s.  lOl^d.  per  milhon  gallons  of  sewage,  or 
Is  S^d.  per  -head  of  the  population.  Lord  Warwick 
pubhshes  no  report  as  to  whether  he  derives  any  benefit 


^24  Water-carried  Sewage.  ' 

from  this  sewage  or  not.  The  farm  upon  which  it  is 
jDumped  is  a  well  managed  one,  and  is,  perhaps,  the  best 
instance  of  sewage  farming  to  be  met  with ;  but  this  is 
undoubtedly  due  in  a  very  large  measure  to  the  following 
facts  :  The  farm  upon  wliich  the  sewage  is  deUvered  com- 
prises 375  acres  of  a  loamy,  sandy,  gravelly  soil,  of  the 
most  suitable  quahty  for  the  purpose,  and  it  is  supple- 
mented by  Lord  Warwick's  tenantry,  who  at  times  take 
some  of  the  sewage,  making  altogether  an  area  of 
1,000  acres  available  for  receiving  it.  This  large  pro- 
portion of  land  of  the  best  quality,  upon  which  the 
sewage  is  dehvered  at  small  cost  to  Lord  Warwick,  and 
under  good  management,  accounts  for  the  favourable 
agricultural  results  attending  the  Leamington  Sewage 
Farm.  Although- the  Corporation  of  Leamington  have 
not  pm-chased  or  leased  any  land,  the  disposal  of  the 
sewage,  as  shown  above,  is  attended  with  considerable 
cost,  and  there  is  this  disadvantage,  that  in  twenty-five 
years  the  present  arrangement  will  come  to  an  end ;  and 
as  the  Corporation  of  Longton,  in  Staffordshire,  pay  the 
Duke  of  Sutherland  500/.  a  year  for  a  similar  privilege,  it 
is  not  improbable  that  Lord  Warwick  may  decline  to 
continue  it  on  the  same  terms. 

The  proportion  of  land  available  for  treating  the 
sewage  of  Leamington  is  1,250  acres,  that  of  the  farm 
upon  which  it  is  delivered,  469  acres,  to  a  daily  flow  of 
1,000,000  gallons. 

West  Derby,  Lancashire,  has  a  population  of 
31,400,  of  which  24,100  only  at  present  contribute  to 
the  sewage  farm.  The  sewage  from  the  remainder  of  the 
population  discharges  into  the  Liverpool  sewers.  There 
are  about  3,220  water-closets.  The  seAvage  amounting  to  a 
flow  of  723,000  gallons  per  day,  is  domestic  in  character 
without  manufacturing  refuse.  It  is  delivered  without 
pumping  on  to  a  farm  of  about  207  acres,  fifteen  of 
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which  are  not  under  irrigation,  being  detached  from  the 
remainder  by  the  river  Alt.  The  chief  portion  (about 
150  acres)  is  of  a  sandy  soil,  the  remainder  of  a  clay 
subsoil.  The  Avorks,  which  have  been  in  operation  three 
years,  have  cost  up  to  March,  1876,  as  follows  :— 

£      s.  d. 

Purchase  of  land  ....  30,325  2  0 
Compensation,  &c.  ....  3,916  1  9 
Laying  out  land  .  .  .  .  •  8,934  9  8 
Engineering,  legal,  and  other  expenses  .  18,697  12  4 
Estimated  amount  required  to  complete  farm 

works  1,476  14  3 

Total   63,350    0  0^ 


The  cost  of  carrying  on  the  farm  for  the  year  ending 
March  25,  1875,  was  2,334Z.,  and  the  receipts  from  the 
sale  of  produce  during  the  same  period,  3,349/.^  So  that, 
inclusive  of  5  per  cent,  interest  on  the  capital  expended,  but 
exclusive  of  supervision,  the  annual  cost  of  this  work 
amounts  to  2,176/.,  or  8/.  4s.  lid.  per  milhon  gallons  of 
sewage,  or  at  the  rate  of  Is.  d^d.  per  head  of  the  popula- 
tion contributing  to  the  sewage  dealt  with.  The  legal  ex- 
penses incurred  by  an  injunction  appear  to  have  been" 
large,  and  although  other  circumstances  seem  favourable, 
a  very  heavy  charge  upon  the  ratepayers  is  the  result. 
The  land  is  used  in  the  proportion  of  265  acres  to  a 
daily  flow  of  1,000,000  gallons  of  sewage.  The  price 
paid  for  the  land  has  been  about  166/.  per  acre,  and  the 
cost  of  laying  it  out  about  43/.  per  acre. 

Merthyr  Tydfil,  South  Wales,  has  a  population  of 
54,500,  but  of  these,6,000  are  on  the  mountain  sides,  and 
in  isolated  groups  beyond  the  range  of  the  sewers,  so  that 
only  48,500  contribute  to  the  sewage.  There  are  about 
4,000  water-closets  in  use,  and  the  sewage  is  purely 
domestic,  containing  no  manufacturing  refuse.  The  daily 

1  Loc.  Gov.  Bd,  Kep.,  p.  30. 
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average  flow  amounts  to  1,200,000  gallons.    In  1 868  an 
injunction  was  granted  to  prevent  the  pollution  of  the 
river  Taff,  and  the  local  board  obtained  parliamentary 
powers  to  acquire  400  acres  of  land  for  deahng  with  the 
sewage.     In  the  following  year,  a  plan  was  adopted 
for  irrigating  375  acres,  situated  at  from  8  to  11  miles 
from  Merthyr;  and,  in  1873,  the  extensive  outfaU  sewers 
to  this  land  were  completed;  but  whilst  they  were  in 
progress  the  authorities,  being  hastened  into  immediate 
action  by  order  of  the  Court,  adopted  a  temporary  ex- 
pedient in  the  preparation  of  20  acres  of  the  land  for 
filter  beds  by  deep  underdraining.    For  a  few  months, 
(viz.  from  January  to  May,  1871),  the  sewage  (from 
some  20,000  people)  was  apphed  to  these  20  acres,  but 
after  that  date  one-half  of  the  sewage  was  conducted  to 
the  land  prepared  for  irrigation,  and  during  the  years 
1871  and  1872,  one-half  of  the  daily  sewage  went  to  each 
of  the  two  remedial  areas  of  land,  being  at  the  rate  of 
22,500  gallons  per  acre  on  the  filtration  area,  and  about 
8,000  gallons  per  acre  on  the  irrigation  area.^  These 
filters  were  worked  up  to  the  year  1872,  and  though 
retained,  have  since  been  treated  as  ordinary  irrigation 
ground,^  and  the  local  board  has  found  it  necessary  to 
continue  the  preparation  of  nearly  the  whole  of  the  land. 
The  chairman,  in  May,  1875,  writing  to  Mr.  Baily  Denton, 
who  constructed  these  filters,  says,  '  I  also  desire  to  dis- 
abuse your  mind  that  the  board  contemplates  the  aban- 
donment of  the  filtration  areas.    It  contemplates  nothing 
of  the  kind,  but  looks  upon  them  as  being  that  which 
cannot  be  described  better  by  any  other  term  than  the 
one  you  use,  namely,  a  safety  valve.'    He  further  writes, 
'  I  may  also  add  that  we  have  it  in  view,  if  the  land  we 

'  Extract  from  Eeport  to  the  Local  Government  Board  by  Mr.  Arnold 
Taylor,  dated  Nov.  8,  1872.    Vide  Eep.  Ass.  Pres.  Eiv.  Scot.,  1876. 
2  Loc.  Gov.  Bd.  Rep.,  p.  24. 
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shall  have  acquired  be  found  to  be  too  limited  for  wide 
irrigation,  to  lay  out  a  set  of  filter  beds  on  the  Park 
Newydd  Farm,  which  we  have  just  bought.' ^  The  ex- 
perience at  Merthyr  Tydfil  shows  that  these  filtration 
areas  or  beds  are  only  useful  to  a  certain  extent,  and  are 
not  sufficient  for  dealing  with  the  whole  of  the  sewage. 
The  formation  of  this  land  is  the  very  best  that  can  be 
found  for  the  purpose,  and  is  in  this  respect  almost  ex- 
ceptional. It  is  the  delta  of  the  river,  a  bed  of  fine  friable 
loam  or  coarse  gravel,  50  feet  deep.^  It  is  drained  7  feet 
deep  at  intervals  of  40  yards. 

The  whole  work  has  now  been  in  operation  four  years, 
and  its  cost  up  to  March,  1876,  is  as  follows : — 

£      s.  d. 

Purchase  of  land  (including  Park  Newydd 

Farm,  recently  acquired  for  9,170Z.)      .    27,860  18  11 

Constructing  outfall  sewers     .         .         .    16,002    9  10 

Legal  expenses   .....    10,721  19  9 

Miscellaneous,  including  engineering  ex- 
penses, &c.    .....     1,142    0  4 

Preparation  of  land,  including  Park  Newydd 

Farm   13,893  10  11 

Compensation     .....        538  10  9 

Total   70,159  10  6^ 


The  sewage  flows  by  gravitation  on  to  the  farms. 

The  average  annual  cost  of  working  the  farms  during  the 
years  1873,  1874,  1875,  and  1876,  was  2,506/.  125. 
\d!^  and  the  average  annual  return  by  sale  of  produce 
during  the  same  periods  was  1,511/.  6s.  Zd.^  so  that,  in- 
clusive of  interest  at  5  per  cent,  on  the  capital,  the  total 
annual  cost,  exclusive  of  supervision,  amounts  to  4,500/., 
or  at  the  rate  of  10/.  55.  h\d.  per  million  gallons  of 
sewage,  or  I5.  \^\d.  per  head  of  the  population. 

1  See.  Arts.,  p.  25.  Proc.  Inst.  O.E.,  vol.  xliii.  p.  210. 

3  Published  Accounts  of  Local  Board  of  Health  for  1873,  1874,  1875, 
and  1876.  *  lUd.  *  Ihid. 
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The  quantity  of  land  acquired  at  present  amounts  to 
344  acres,  of  which  72 i  acres  are  held  on  lease  at  an 
average  annual  rental  of  U.  145.  per  acre,  and  271.', 
acres  are  freehold,  and  have  been  purchased  at  an  average 
price  of  about  100/.  per  acre.^  The  Park  Newydd  Farm, 
which  the  authorities  have  recently  found  it  necessary  to 
obtain,  as  additional  land  for  the  treatment  of  the  sewage, 
is,  however,  not  yet  fiiUy  prepared  or  in  operation ;  the 
proportion  of  land  used  is  287  acres  to  a  daily  flow  of 
1,000,000  gallons  of  sewage. 

The  Merthyr  Tydfil  sewage  arrangements  have, 
after  a  careM  examination,  been  thus  described  :  '  The 
quantity  of  effluent  water  was  nearly  double  that  of  the 
sewage  in  all  cases ;  and  from  that  circumstance  it  was 
inferred  that  a  very  large  quantity  of  fresh  water  got 
mixed  with  the  water  which  came  away  from  the  irriga- 
tion beds.  The  circumstances  of  the  case,  however,  were 
pecuHar,  the  whole  valley  being  the  former  bed  of  the 
river  Taff.  The  land  acted  as  a  sieve,  the  subsoil  con- 
sisting of  pebbles,  sand,  and  a  httle  clay,  so  that  water 
passed  down  six  or  seven  feet  into  the  pipes  with  the 
greatest  ease.  It  was  difficult  with  the  admixture  of  so 
large  a  quantity  of  underground  water  to  judge  to  what 
extent  the  effluent  water  was  clarified  by  the  process.'  ^ 

Much  care  must  therefore  be  exercised  in  taking  any 
guide  from  this  place,  because  of  the  exceptional  quahty 
of  the  land,  and  the  fact  that  the  effluent  water,  which 
shows  a  favourable  analysis,  is  very  largely  mixed  with 
pure  water  by  leakage  into  it  before  it  reaches  the  out- 
fall.3 

Northampton  has  a  population  of  45,000.  There 
are  about  7,000  water-closets  in  use,  and  the  sewase, 
which  amounts  to  an  average  daily  flow  of  1,000,000 

1  Soc.  Arts,  p.  12.  2  Trnns.  Inst.  Sur.,  1872-73,  p.  292. 

Soc.  Arts,  p.  77. 
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gallons,  contains  manufacturing  refuse  from  tanneries, 
&c.  It  flows  into  tanks  in  the  town,  where  a  portion 
of  the  sohcl  matter  subsides,  and  is  mixed  with  ashes 
and  biu-nt  bones  from  the  town,  and  sold  at  9(i.  a 
ton.  The  sewage  flows  thence  by  gravitation,  a  distance 
of  foin-  miles,  on  to  the  farm  which  comprises  at  present 
327  acres.  The  land  is  suitable,  being  a  sandy  loam, 
with  a  gravelly  subsoil.  Hurried  into  action  by  legal 
proceedings  five  years  ago,  the  authorities  at  that  time 
had  no  alternative  but  to  obtain  an  Act  for  the  acquisition 
of  some  900  acres  of  land  for  a  sewage  farm.  About 
one-third  of  that  quantity  has  been  purchased,  and  the 
total  expenditure  upon  the  whole  undertaking,  inclusive  of 
12,000/.  legal  expenses,  amounts,  up  to  the  present  time, 
to  80,000/.^  The  average  annual  working  expenses  of 
the  undertaking  during  the  years  1873-74,  amounted 
to  1,447/.^  The  average  annual  return  by  sale  of  pro- 
duce for  the  same  periods  amounted  to  1,642/.^  So  that, 
inclusive  of  5  per  cent,  interest  on  capital,  but  exclusive 
of  supervision,  the  total  annual  cost  of  this  work  amounts 
to  about  3,805/.,  or  10/.  85.  6cZ.  per  million  gallons  of 
sewage,  or  \s.  8J(i.  per  head  of  the  population.  The 
land  is  used  in  the  proportion  of  327  acres  to  a  daily 
flow  of  1,000,000  gallons  of  sewage,  but  the  area  is  too 
small,  and  additional  land  is  required. 

Although,  as  it  will  be  observed,  most  of  the  con- 
ditions are  favourable  to  sewage  farming,  in  this  case 
some  of  the  practical  difficulties  are  forcibly  experienced. 
Owing  to  the  position  of  the  farm  away  from  a  town,  a 
market,  or  even  a  railway  station,  the  produce  remains 
on  hand,  and  in  the  month  of  March,  1876,  2,000  tons 
of  mangolds  were  on  the  farm,  unable  to  be  sold.  This 

1  Ro8eb.  Ret.,  p.  30. 

*  Abstracts  of  Receipts  and  Payments  for  Borough  of  NorthamDton 
1873-74.  UUd.  ^  ' 
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lias  suggested  the  idea  of  feeding  stock  upon  the  farm, 
but,  if  carried  out,  additional  capital  to  the  already 
heavy  expenditure  will  be  required  ;  nor  must  it  be  over- 
looked that  additional  capital  is  now  required  for  the 
purchase  of  more  land  as  well  as  for  the  erection  of 
cottages  for  the  workmen  employed  on  the  farm,  as  it 
appears  that  the  prejudice  against  the  farm  in  the  sur- 
rounding villages  is  great,,  and  the  residents  object  to  the 
farm  men  living  amongst  them. 

Blackburn,  Lancashire,  has  been  a  great  sufferer, 
and  is  in  an  unenviable  position  in  the  attempts  to  dispose 
of  water -carried  sewage  by  irrigation,  in  consequence  of 
a  Bill  filed  in  Chancery  in  1865  to  prevent  it  from 
polluting  the  Darwen.  It  has  a  population  of  83,000, 
with  a  daily  flow  of  about  2,200,000  gallons  of  sewage, 
about  three-fourths  of  which,  or  1,500,000  gallons,  only 
are  dealt  with.  The  sewage  contains  manufacturing 
refuse  from  dye  works,  and  liquid  refuse  of  cotton  and 
woollen  manufactories,  but  the  storm  water  has  been 
excluded  from  all  the  recently  made  sewers.  There  are 
730  water-closets  in  use,  and  10,547  middens  which 
drain  into  the  sewers.  Treatment  by  lime  having  been 
abandoned,  the  Corporation  in  1870  obtained  parha- 
mentary  powers  for  acquiring  1,090  acres  of  land  for 
irrigation.  Two  years  later,  179  acres  of  land  were 
taken  on  lease  for  twenty  years,  at  an  annual  rent  of 
484Z.,  the  outfall  sewer  was  extended  thereto,  and  ninety 
acres  of  it  prepared  for  irrigation.  In  1875,  the 
Corporation,  in  order  to  extend  operations,  purchased 
475  acres  of  land,  and  proceeded  to  underdrain  it,  the 
drains  being  placed  four  feet  deep  and  eighteen  feet  apart.^ 
The  land  already  acquired  comprises  568  acres,  the  chief 
part  of  which  has  a  light  loamy  soil  upon  a  gravelly  sub- 
soil, and  is  situated  six  miles  from  the  town.^    As  the 

1  Loc.  Gov.  Bd.  Rep.  p.  10.  -  Soc.  Arts,  p.  73. 
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works  are  incomplete  it  would  be  impossible  to  ascertain 
at  present  the  exact  charge  that  will  be  thrown  upon 
the  rates.  It  has,  however,  already  amounted  to  a  very 
heavy  sum,  as  follows  : — 


Costs  in  Chancery  suit,  law  proceedings  and  £ 

damages  ......  12,000 

Parliamentary  expenses    ....  6,500 

Outfall  sewers  and  laying  out  land       .         .  11,600 

Purchase  of  land  (475  acres)  ,  .  .  69,500 
Estimated  cost  of  outfall  sewer  .  .  .  7,650 
Preparation  of  (475  acres)  not  yet  known 


107,250  I 

Construction  of  tanks       ....     9,000  ^ 


Total  116,250 


In  some  instances  the  price  paid  for  the  land  has 
been  as  high  as  150  years'  purchase  of  the  rental,^  and 
so  excessive  has  been  the  outlay  already  upon  this 
scheme,  that  at  a  meeting  of  the  Corporation,  in  1875, 
'Mr.  Councillor  Beads  carried  a  motion  calling  the  atten- 
tion of  the  Home  Secretary  to  the  manner  in  which  the 
Blackburn  Corporation  has  been  imposed  upon  in  carry- 
ing out  the  irrigation  scheme.  The  ex-Mayor  said  that 
the  prosperity  of  the  town  had  been  blighted  through  ex- 
cessive expenditure  and  heavy  rates.  200,000/.  had  been 
spent.  In  every  instance  the  Corporation  had  had  to  pay 
three  times  the  value  of  land  taken.  A  searching  inquiry 
ought  to  be  instituted,  and  the  way  in  which  the  Mayor 
and  Corporation  of  Blackburn  had  been  oppressed  ought 
to  be  represented.'^  The  sewage  is  received  in  tanks,  and 
previous  to  irrigation  is  treated  therein  with  a  small 
quantity  (four  or  five  cwt.)  of  lime ;  it  then  flows  by 
gravitation  to  the  land.  The  sludge  from  the  tanks  is  sold, 
if  possible,  but  there  is  a  difliculty  in  disposing  of  it.  It 

^  Loc.  Gov.  Bd.  Rep.,  p.  xxxix.  «  Roseb.  Ret.,  p,  17. 

Sec.  Arts,  pp.  73,  74.  "  The  Times,  April  5,  1876. 
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is  three  years  since  this  undertaking  was  commenced, 
and  it  will  be  another  year  or  two  before  full  particulars 
and  information  concerning  its  working  and  its  cost  can 
be  given.  In  the  meantime,  during  the  year  1875,  the 
cost  of  farming  ninety  acres  has  been  6,523/.  25.  9c?.,  and 
the  receipts  for  the  same  period  were  5,781/.  6s.  10c?. 
assuming  that  when  the  larger  farm  is  in  operation,  its 
sales  of  produce  will  balance  the  expenses  of  working, 
an  annual  loss  of  5  per  cent,  interest  on  the  capital 
and  rent  alone,  or  upwards  of  6,296/.  will  have  to  be 
borne,  or  at  the  rate  of  11/.  IO5.  per  million  gallons  of 
sewage,  or  \s.  6c/.  per  head  of  the  population.  It  does 
npt  appear,  however,  that  this  will  be  the  final  charge 
on  account  of  this  work,  and  it  is  to  be  feared  that, 
under  such  unfavourable  circumstances,  the  ratepayers  of 
Blackburn  will  find,  when  the  sewage  scheme  is  com- 
pleted, they  will  have  a  still  heavier  burden  to  bear.  The 
proportion  of  land  used  when  the  new  farm  is  in  opei'a- 
tion  willbe  378  acres  to  a  daily  flow  of  1,000,000  gallons 
of  sewage. 

Haeeogate,  Yorkshire,  has  now  an  average  popu- 
lation of  12,000.^  There  are  1,620  water-closets  in  use, 
and  the  sewage,  which  is  purely  domestic,  amounts  to  an 
average  daily  flow  of  210,000  gallons.  In  1867,  the 
authorities  were  threatened  with  legal  proceedings  on 
account  of  the  pollution  of  a  stream  by  the  sewage,  but 
compromised  the  matter  by  payment  of  580/.  and  an 
undertaking  not  to  discharge  more  sewage  into  the 
stream.  In  1869,  a  lease  of  forty-seven  acres  of  stiff 
clay  soil,  situated  a  mile  from  the  town,  was  taken,  and  it 
was  intended  to  deal  with  the  sewage  upon  it.  In  the 
construction  of  subsidence  tauks,  the  preparation  of  the 

1  Loc.  Gov.  Bd.  Rep.,  p.  10. 

^  Resident  population  about  8,000,  increasing'  in  the  summer  to  about 
10,000. 


Irrigation.  133 

land,  &c.,  a  sum  of  1,150/.  was  expended.  This  attempt 
to  purify  the  sewage  was,  however,  so  futile,  that  in  1875 
an  injunction  was  obtained  against  the  authorities.  This 
act  of  the  Court  of  Chancery  was  appealed  against,  but  it 
was  confirmed  by  the  Lords  Justices,  and  in  the  latter  part 
of  the  same  year,  the  Court,  upon  the  application  of  the 
plaintiff  in  the  case,  issued  a  sequestration  order.  In  order 
to  meet  these  difficulties,  the  authorities,  in  the  same  year, 
piurchased  land  at  a  cost  of  2,200/.,  and  took  on  lease  for 
a  term  of  twenty  years,  at  an  annual  rent  of  300/.,  a  farm 
of  247  acres  (120  acres  only  of  which  are  available 
for  irrigation).  These  works  are  now  in  operation,  the 
estimated  cost  of  laying  out  the  land  and  conveying  the 
sewage  to  it  being  3,216/.  The  legal  expenses  in  this  case 
have  amounted  to  3,920/.  To  prevent  the  sewage  of  High 
Harrogate  from  polluting  the  streams  in  the  neighbour- 
hood, the  authorities  have  also  purchased  13^  acres  of 
land,  at  a  cost  of  1,000/.,  which  has  been  made  available, 
and  laid  out  at  a  further  cost  of  3,484/.  for  the  utiHsation 
of  about  42,000  gallons  per  day  of  the  sewage  from  that 
portion  of  the  town.  This  land,  with  the  sewage,  has  been 
let  at  a  yearly  rent  of  52/. 

These  works,  though  not  yet  completed,  have  cost  up 
to  the  present,  as  follows  : — 

Purchase  of  land  .....  3,200 
Outlet  works  and  joreparation  of  land  .  .  7,850 
Compensation  and  legal  expenses  .         .         .  9,500 

Total   20,5501 

The  sewage  flows  on  to  the  land  by  gravitation. 
Torty-seven  acres  only  were  employed  for  irrigation  in 
the  year  1874,  when  the  expenses,  inclusive  of  rent, 
were  282/.  lO-s.  5c?.,  and  the  retiurn  by  sale  of  produce 
during  the  same  period  was  562/.  II5.  \d}  Therefore, 

*  Loc.  Gov.  Bd.  Rep.,  p.  xlii.  ''■  Ibicl.,  p.  18. 
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inclusive  of  5  per  cent,  interest  on  capital,  and  rent,  but 
exclusive  of  supervision,  the  annual  charge  at  present 
amoimts  to  993/.,  or  at  the  rate  of  12/.  195.  W.d.  per 
milHon  gallons  of  sewage,  or  Is.  1\d.  per  head  "of  the 
population. 

It  is  proposed  to  irrigate  about  180  acres,  thus  giving 
a  proportion  of  857  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage. 

Epsom,  Surrey,  has  a  population  of  6,276.  The 
sewage  is  purely  domestic.  The  flow  amounts  to 
104,000  gallons  a  day.  Subsidence  in  tanks  takes  place, 
the  sohd  matters  so  deposited  are  mixed  with  ashes  for  a 
maniure,  and  the  hquid  sewage  flows  partly  by  gravitation, 
and  is  partly  pumped  to  a  height  of  10  feet,  on  to  a  farm 
of  327  acres,  chiefly  of  gravel  formation.  The  local 
board  has  a  lease  of  this  farm  for  twenty-one  years,  from 
1868,  and  pays  an  annual  rental  of  591/.  about  sixty 
acres  of  it  are  under  irrigation.  The  land  is  sublet  for  a 
much  shorter  period,  viz.,  three  years,  at  the  annual  rental 
of  516/.;^  so  that,  with  the  cost  of  pumping  and  dis- 
tributing the  sewage  over  the  land,  averaging  290/.  a  year,^ 
and  5  per  cent,  interest  on  3,626/.*  capital  spent  on  the 
necessary  works  in  connection  with  the  pumping  station 
and  farm,  an  annual  charge,  exclusive  of  supervision,  of 
546/.  falls  upon  the  rates,  or  about  14/.  7s.  M.  per 
million  gallons  of  sewage,  or  Is.  8|(i.  per  head  of  the 
population.  This  arrangement  has  been  in  operation 
four  years.  The  quantity  of  land  used  is  in  the  pro- 
portion of  577  acres  to  a  daily  flow  of  1,000,000  gallons 
of  sewage ;  but  it  Will  be  observed  that  the  authorities 
possess  land  sufficient  for  a  proportion  of  3,144  acres  to 
the  same  quantity. 

Norwich  has  a  population  of  84,000.    The  sewage 

^  Published  Accounts  of  Local  Board  of  Epsom  for  1873, 1874,  and  1876. 
»  Ihid.  ^  Ihid.  *  Eoseb.  Ret.,  p.  38. 
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contains  refuse  from  3,500  water-closets,  and  from 
breweries,  mustard  and  starch  works.  It  is  extremely 
dilute,  through  the  leakage  to  a  very  large  extent  of  sub- 
soil water  into  the  main  sewers.  In  consequence  of  tHs 
the  pumps  axe  inadequate  to  lift  the  whole  of  it,  and  a 
portion  only  is  pumped  on  to  the  farms,  a  height  of  150 
feet ;  the  remainder  goes  direct  into  the  river  Wensom. 
The 'farms  consist  of  1,800  acres,  500  acres  of  which  have 
been  purchased  for  27,500/.,  and  the  remainder  taken  on 
lease  at  3/.  55.  per  acre.^  The  cost  of  the  necessary 
works  has  been  altogether  113,300/. 150  acres  of  the 
land  only  are  at  present  under  irrigation.  The  average 
annual  working  expenses  of  this  undertaking,  including 
pumping  and  rent,  for  the  years  1873-74,  were 
12,621/.  2s.  \M. ;  and  the  average  annual  return,  by 
sale  of  produce  during  the  same  period,  was 
5,523/.  175.  ^d?  ;  so  that,  inclusive  of  5  per  cent,  interest 
on  capital,  the  annual  cost  amounts,  exclusive  of  super- 
vision, to  12,763/.,  or  85.  <^\d.  per  head  of  the  population. 
Owing  to  its  incompleteness,  it  is  not  possible,  at  present, 
to  draw  any  practical  conclusions  from  this  undertaking. 

Swindon  New  Town,  Wiltshire,  has  a  population 
of  7,628,  which  is  rapidly  increasing.  There  is  a  farm  of 
105  acres  of  a  clay  soil.  A  sum  of  14,434/.*  has  been 
expended  in  acquiring  the  farm,  and  on  the  necessary 
works  connected  with  it.  The  sewage  is  purely  domestic 
in  character,  and  amounts  to  an  average  daily  flow  of 
about  300,000  gallons.  The  undertaking  has  been  four 
years  in  operation.  The  average  annual  working  expenses 
during  the  years  1873, 1874,  and  i875,  were  1,902/.,  and 
the  average  annual  revenue  for  the  same  period  was  834/.  ;5 
so  that,  inclusive  of  5  per  cent,  interest  on  capital  ex- 

1  Roch.  Ret.,  pp.  10,  11 ;  and  Roseb.  Ret,,  p.  30.  *  Ibid. 

3  Abstract  of  Accounts  for  Oity  of  Norwich,  1873-74. 
*  Roseb.  Ret.,  p.  42. 

»  Accounta  of  Local  Boiu'd  of  Health  for  1873,  1874,  and  1875. 
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pendecl,  but  exclusive  of  supervision,  the  annual  charge 
amounts  to  1,643/.,  or  15/.  per  million  gallons  of  sewage, 
or  (if  the  population  be  taken  at  its  present  rate  of 
about  9,000)  4^.  ^-{6..  per  head.  The  proportion  of  land 
used  is  about  350  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage. 

The  sewage  farm  at  Geewe,  Cheshire,  is  one  of 
the  most  costly  undertakings  of  the  kind.    The  popula- 
tion is  20,000.     The  sewage  is  chiefly  domestic.  There 
are,  however,  only  about  60  water-closets  in  use.  The 
farm  comprises  257  acres  of  land,  described  as  being 
of  a  very  strong  clay  character,  twenty  or  thirty  yards 
deep,  commencing  at  six  inches  from  the  surface ;  sixteen 
acres  have  been  purchased,  and  241  acres  taken  on  lease 
for  twenty  years,  at  a  rental  of  from  3/.  to  4/.  per  acre 
per  annum  ;  45,000/.^  have  been  expended  on  the  jDm^- 
chase  of  the  sixteen  acres  of  land,  the  construction  of  two 
and  a  half  miles  of  outfall  sewer,  sewage  tanks,  engines, 
pumps,  delivery  mains,  and  on  preparation  of  the  land. 
Much  opposition  was  experienced  to  this  undertaking 
from  the  adjacent  land-owners,  and  the  legal  expenses 
were  heavy.    The  farm  has  been  in  use  two  years.  The 
sewage,  amountmg  to  a  daily  flow  of  900,000  gallons,  is 
pumped,  a  height  of  sixty  feet  and  a  distance  of  half  a 
mile,  on  to  the  land.     The  cost  of  carrying  on  this  work, 
during  the  year  1875,  is  stated  to  have  been,  inclusive  of 
interest  on  capital,  5,368/.,^  or,  exclusive  of  supervision,  at 
the  rate  of  16/.  65.  9Jc/.  per  million  gallons  of  sewage,  or 
55.  ^.\d.  per  head  of  the  population.    The  land  is  used  in 
the  proportion  of  285  .acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage.^ 

'  Roseb.  Ret.,  p.  6. 

*  Ibid.    Detailed  statements  of  expenditure  on  this  work  Lave  not 
been  published. 

*  In  tbe  Builder^  Nov.  25,  1876,  the  Orewe  Sewage  Farm  is  stated  to 
have  cost  altogether  near  70,000^. 
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TuNBEiDGE  Wells,  Kent,  has  a  population  of  23,000, 
and  5,635  water-closets  in  use.  There  is  a  daily  flow  of 
650,000  gallons  of  a  purely  domestic  sewage,  containing 
no  manufacturing  refuse.  In  1865,  an  injunction  was 
granted  to  prevent  the  pollution  of  the  Calverley  Brook. 
The  sewage  flows  by  gravitation  into  subsidence  tanks,  and 
thence  to  two  farms,  one  containing  165  acres  of  a  hght 
sandy  soil,  the  other  120  acres  of  a  clay  soil,  together 
comprising  285  acres  ;  but  the  sewage  is  apphed  only  to 
218  acres.  These  farms  have  been  in  operation  about  four 
years,  and  have  cost,  together  with  legal  expenses  and 
the  necessary  preparation,  87,243/.^  The  average  annual 
working  expenses  of  these  farms  during  the  years  1873, 
1874,  and  1875,  has  been  3,274/.  175.  \\d.  (that  of  the 
larger  farm  being  2,095/.  is.  lOd,  and  that  of  the  smaller, 
1,179/.  IS.s.ltZ.);  and  the  average  annual  return  by  sales  of 
produce,diu:ing  the  same  periods,  has  been  3,493/.  II5.  2(i. 
(that  from  the  larger  farm  being  2,061/.  17s.  9(i.,  and 
that  from  the  smaller,  1,431/.  13s.  5c/.)  ;^  so  that,  in- 
clusive of  5  per  cent,  interest  on  capital,  but  exclusive 
of  supervision,  the  annual  cost  amounts  to  4,144/.,  or  at 
the  rate  of  17/.  9s.  4d  per  milhon  gallons  of  sewage,  or 
3s.  l\d.  per  head  of  the  population.  The  proportion  of 
land  used  is  335  acres  to  a  daily  flow  of  1,000,000  gallons 
of  sewage. 

Eton,  Buckinghamshire,  has  an  average  popula- 
tion all  the  year  round  of  3,000,  including  the  school, 
and  a  daily  flow  of  80,000  gallons  of  domestic  sewage. 
There  is  a  farm  of  54  acres,  30  of  which  are  used  for 
irrigation.  Notwithstanding  that  the  quality  of  the  land 
is  most  suitable,  having  a  depth  of  1  to  3  feet  of  vege- 
table mould,  overlying  a  fine  alluvial  sand  and  gravel 

^  Roseb.  Ret.,  p.  16.  This  sum  appears  by  Loc.  Gov.  Bd.  Rep.,  p.  xlv, 
not  to  include  the  cost  of  the  Chancery  suit  amouuting  to  3,000Z. 

*  Statement  of  accounts,  Tunbridge  Wells  Local  Board,  1873,  1874,  and 
1875. 


Water-carried  Sewage. 

subsoil,  the  fact  that  the  sewage  is  pumped  to  a  distance 
of  1|  miles,  and  to  a  height  of  20  feet,  imposes  a  heavy 
charge  upon  the  inhabitants,  as  will  be  seen  by  the 
figures  presently  given.     The  character  of  the  sewage 
being  non-manufacturing,  an  attempt  has  been  made  to 
deal  with  it  on  the  separate  system,  by  the  exclusion  of 
surface  and  storm  water  from  the  sewers  ;  but  it  has  been 
found  impracticable  to  shut  out  all  subsoil  water.  The 
works  have  been  in  operation  5  years,  and  the  chairman 
of  the  local  board,  recognising  one  of  the  practical  diffi- 
culties in  the  disposal  of  sewage  by  such  means,  says: 
'  It  is  found  very  difficult  to  distribute  the  sewage  evenly 
in  winter,  when  no  growth  has  taken  place,  as  also  in 
summer,  with  the  root  crops  a  large  proportion  of  the 
sewage  must  escape  root  action,  and  descend  to  the 
subsoil  unpurified,  except  by  filtration  through  the  soil 
and  gravel.    What  then  becomes  of  it  is  a  problem  of 
great  importance,  although  in  the  comparatively  small 
quantity  dealt  with  at  Eton  farm  on  so  large  a  surface, 
the  question  hardly  arises  yet,  as  towns  in  the  Thames 
valley  seem  to  be  for  the  most  part  adopting  the  system 
of  sewage  irrigation,^  and  in  consequence  of  the  dis- 
appointing results  financially  of  sewage  farming,  local 
boards  will  probably  be  disposed  to  put  as  large  a 
quantity  of  sewage  as  possible  on  a  small  surface  of  land.'  ^ 
The  total  amount  expended  on  the  pumping  station  and 
works  has  been  about  10,000/.  The  average  annual  cost  of 
working  the  farm  during  the  years  1873, 1874,  and  1875, 
inclusive  of  rent,<and  330/.  for  pumping,  has  been  851/., 
and  the  annual  average  return  by  sale  of  produce  during 
the  same  periods,  581/.    Therefore,  with  interest  at  5  per 
cent,  on  capital  spent,  the  total  annual  cost  to  the  town, 

^  Lieut.-Oolonel  Ponsonby  Oox,  RE.,  has  recommended  attention  to  be 
given  to  chemical  treatment  lor  the  Thames  Valley  towns,  situated  below 
the  water-intakes. 

*  Soc.  Arts,  p.  23. 
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exclusive  of  any  charge  for  supervision,  is  770/.,  or  at  the 
rate  of  26/.  7s.  ^d.  per  milhon  gallons  of  sewage,  or 
55.  \\d.  per  head  of  the  population.    The  land  here  is  of 
very  suitable  quality,  and  is  used  in  the  proportion  of  375 
acres  to  a  daily  flow  of  1,000,000  gallons  of  sewage. 

East  Barnet,  Hertfordshire,  has  a  population  of 
2,924.  A  farm  of  52  acres  of  land  of  a  clayey 
character,  with  occasional  strata  of  heavy  gravel,  has 
been  acquired  for  the  disposal  of  the  sewage ;  37^ 
acres  of  this  land  have  been  purchased  for  11,317/. 
10s.  (about  300/.  per  acre) ;  the  remainder  of  the  land 
has  been  taken  on  lease  for  21  years,  at  58/.  14s.  per 
annum  (about  4/.  an  acre),  and  about  6,000/.  has  been 
spent  upon  the  necessary  works.  ^  No  account  of  the 
expenses  are  given,  and  it  is  not  stated  if  the  latter  sum 
includes  the  cost  of  sewers  or  not.  Still,  even  under 
favoiurable  circumstances,  there  will  be  a  burden  of  900/. 
or  1,000/.  a  year  thrown  upon  the  rates  by  this  under- 
taking. 


Sewage  Farms  from  vMch  partial  information  only 
has  been  published,  including  some  that  are  reported 
insanitary,  and  others  where  the  population  does  not 
exceed  5,000. 

AsHBY-DE-LA-ZoucH,  Leicestershire,  has  a  population 
of  4,200 ;  28  acres  of  loam  a,nd  clay-land  are  used 
for  the  sewage.  The  land  is  leased  for  20  years,  at  an 
annual  rental  of  200/.  and  it  has  been  an  operation  5  years. 

Bodmin,  Cornwall,  is  a  small  place  of  4,672  inhabi- 
tants, where  the  sewage  is  purely  domestic,  containing  no 
manufacturing  refuse,  and  where  there  are  200  water- 
closets.    It  is  used  to  irrigate  grass  land. 

Braintree,  Essex,  has  a  population  of  4,790 ;  47 

'  Rocb.  Ret.,  p.  6. 
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acres  of  principaUy  loamy  gravelly  land  are  used  for  the 
utilisation  of  the  sewage,  it  being  first  dealt  with  by 
filtration  and  precipitation ;  25  acres  of  the  land  are 
private  property.  A  sum'  of  3,000^.  has  been  spent  in 
purchasing  the  land  and  laying  out  the  works. 

BuEY  St.   Edmunds,  Suffolk,  has  a  population  of 
14,928.    Irrigation  has  been  practised  for  8  years  on 
acres  of  land,  16  of  which  consist  of  gravel  and 
the  remainder  of  mild  clay.     There  are  about  300 
water-closets  in  use,  and  the  sewage,  amounting  to  a 
daily  flow  of  150,000  gallons,  is  purely  domestic  in 
character.    The  land  is  held  on  lease  for  21  years,  at 
a  rental  of  U.  per  acre ;  it  is  not  underdrained,  the 
amount  expended  on  the  necessary  works,  including 
tanks,  pumping  station,  and  laying  out  the  land,  has 
been  2,800/.^     The   farm  is  situated   1\  mile  from 
the   centre  of  the  town,  and  the  outfall  sewer  is  3 
miles  in  length.    The  sewage  is  pumped  by  the  local 
authorities  to  a  height  of  50  feet  at  an  annual  cost  of 
about  292/.,  and  the  farm  is  sublet  for  150/.  a  year. 
The  excess  of  rent  in  favour  of  the  local  authorities 
amounts  to  44/.  per  annum;  deducting  this  fr'  om  the 
cost  of  pumping,  and  taking  5  per  cent,  interest  on 
capital  expended,  the  total  annual  cost  amounts  to  about 
432/.,  or  Id.  per  head  of  the  population.    The  proportion 
of  land  used  is  177  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage.     This  proportion  is,  however,  too 
small,  and  as  complaints  are  occasionally  made,  the  sani- 
tary results  obtained  are  doubtful."'^ 

Enfield,  Middlesex,  has  a  population  of  16,054. 
Here  there  is  a  sewage  farm  of  162  acres  of  gravel  and 
clay  land,  which  has  been  in  operation  five  years.  It  is 
private  property,  and  the  owner  to  whom  the  sewage 
of  the  town  is  given,  has  agreed  to  take  it  all  for  25 

1  Eoch.  Ret.,  p.  5.  ^  Bii-m.  Sew.  Euq.,  1871,  p.  180. 
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years.  He  farms  60  acres  of  the  land  himself,  and  lets 
the  remainder  with  sewage,  to  the  Enfield  Chemical 
Manure  and  Irrigation  Company,  at  8/.  per  acre  per 
annum.  ^  The  effects  of  letting  the  control  of  the 
sewage  go  altogether  out  of  the  hands  of  the  authorities 
are  here  apparent,  and  added  to  the  fact  that  the  land 
is  very  httle  above  the  water-level  of  the  district,  has 
resulted  in  this  undertaking  being  described  as  not  only 
becoming  a  pestilential  swamp,^  but  a  nuisance  as  well.^ 

Hakrow,  Middlesex.,  has  a  population  of  5,010. 
Seventeen  acres  of  clay  land  have  been  purchased,  and 
the  outlay  thereon  with  the  necessary  works  has  been 
4,324/.  The  sewage  is  first  allowed  to  subside  in  tanks 
where  the  soHd  matter  is  removed,  and  then  it  flows  on 
to  the  land  which  is  let  with  the  sewage. 

Hatfield,  Hertfordshire^  has  a  population  of  4,500. 
The  sewage  is  disposed  of  by  passing  it  on  to  land,  and  it 
is  said  that  no  pollution  reaches  the  river.* 

HooLB,  Cheshire,  has  a  population  of  1,750.  A  com- 
bined system  of  filtration  through  charcoal,  sandstone, 
rubble,  and  gravel  in  tanks,  with  irrigation  on  25 
acres  of  clay  land,  has  been  in  use  for  nine  or  ten 
years.  3,000Z.  has  been  expended  on  the  necessary 
works,  and  the  land  is  let  on  lease. 

Maidenhead,  Berkshire,  has  a  population  of  6,173; 
irrigation  is  carried  out  on  16  acres  of  a  very  porous 
soil,  which  is  leased  for  14  years,  at  an  annual  rent  of 
hi.  per  acre. 

Malvern,  Worcestershire.^  has  a  population  of  5,693, 
and  an  arrangement  was  made  to  irrigate  60  acres 
of  private  land,  the  soil  of  which  is  clay,  marl,  and 
gravel,  but  it  has  ended  in  a  disagreement  between  the 
proprietor  of  the  land  and  the  Local  Board  of  Health. 


1  Koch.  Ret.,  p.  9. 
'  Roch.  Ret.,  p.  9. 


Soc.  Arts,  p.  42. 
*  Soc.  Arts,  p.  42. 
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Malvern  Link,  Worcestershire.,  has  a  population  of 
2,000,  and  100  water-closets  in  use.  The  sewage  is 
purely  domestic,  and  is  utilised  on  20  acres  of  gravel 
and  marl  land,  which  is  held  on  lease  for  33  years, 
at  the  moderate  rental  of  2/.  per  acre.  2,000/.  have 
been  spent  in  laying  out  the  works,  mains,  &c.i  95/.  per 
annum  is  stated  to  be  the  cost  of  deahng  with  the  sewage,^ 
or  about  Is.  per  head  of  the  population  exclusive  of 
supervision.  The  average  daily  flow  of  sewage  being 
about  60,000  gallons,  the  land  is  used  in  proportion  of 
332  acres  to  a  daily  flow  of  1,000,000  gallons. 

Ormskirk,  Lancashire,  has  a  population  of  6,127. 
There  are  186  water-closets  in  use.  Here  there  is  a 
farm  of  68  acres  of  clay  and  black  soil,  40  acres  of 
which  are  irrigated.  The  land  is  held  upon  lease,  and 
is  sublet,  but  complete  information  as  to  cost  has  riot  been 
published. 

KoMFORD,  Essex,  has  a  population  of  6,335.  The 
sewage  farm  here  is  well  known  as  the  seat  of  the 
labours  of  Lieut. -Colonel  Hope,  V.C.,  who  has  done  so 
much  in  the  cause  of  sewage  agriculture. 

About  eight  years  ago,  the  Local  Board  of  Health  pur- 
chased a  farm  of  11 9^  acres,  of  a  light  sandy  soil  over- 
lying gravel,  and  erected  a  pumping  station,  at  a  cost  of 
19,816/.^  In  1869,  Colonel  Hope  took  a  lease  of  the 
farm  for  seven  years,  at  the  annual  rental  of  2/.  10-s. 
per  acre,  and  600Z.  a  year  for  the  sewage,  equivalent  to 
a  total  annual  rental  of  898/.  The  sewage  containing  re- 
fuse from  breweries,  and  amounting  to  an  average  daily 
flow  of  360,000  gallons,  flows  by  gravitation  to  tanks 
situated  two  miles  distant  from  the  town,  and  is  then 
pumped  up  to  the  farm,  a  height  of  about  25  feet, 
by  the  local  board,  at  a  cost  of  450/.  a  year.  Colonel 
Hope  has  not  given  a  balance  sheet  by  which  an  opinion 

1  Koch.  Ret.,  p.  11.      2  Soc.  Arts,  p.  11.      "  Rocli.  Ret,  p.  12. 
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could  be  formed  as  to  the  results  of  his  operations,^  but 
has  demonstrated  upon  many  occasions  the  value  of 
sewage  for  agricultural  purposes.  He  says,  '  Here  surely 
are  facts  strong  enough  and  broad  enough  to  put  an 
end  to  all  doubts  on  the  sewage  question.  What  more 
can  the  Government,  or  the  sewage  minister,  or  muni- 
cipal authorities,  or  ratepayers  desire  ?  I  pay  the  town 
of  Eomford  the  full  rent  that  the  farm  which  they  pur- 
chased is  worth,  and  buy  their  sewage  from  them  at  the 
annual  price  of  600/.' ^  Without  knowing  facts  as  to  the 
cost  of  disposing  of  the  sewage  on  this  farm,  it  is  impos- 
sible to  accept  as  satisfactory  what  may  be  (and  appears 
to  be  from  the  results)  a  case  where  too  high  a  value  has 
been  placed  on  the  sewage,  and  too  httle  account  taken 
of  the  cost  of  dealing  with  it.  A  disagreement  arose 
between  Colonel  Hope  and  the  local  board,  which  re- 
sulted in  litigation,  extending  over  three  or  four  years, 
until  the  lease  expired  in  September,  1876,  when  the 
board  once  more  had  the  farm  and  the  sewage  difficulty 
on  its  hands. 

The  land,  which  is  of  most  suitable  quality,  has  here 
been  used  in  the  proportion  of  334  acres  to  a  daily  flow 
of  1,000,000  gallons  of  sewage,  and  this  has  evidently 
been  found  inadequate,  because  it  is  stated  that  Colonel 
Hope  considered  the  land  insufficient,  and  was  at  one 
time  negotiating  for  an  additional  80  acres.^ 

SwAPPHAM,  Norfolk^  has  a  population  of  3,700.  Three 
acres  of  gravel  and  chalk  land  have  been  purchased  for- 
2,151/.*  and  the  sewage,  after  filtration  through  flint  stones, 
is  used  thereon ;  the  land  and  sewage  together  are  let  for  a 
short  term  at  8/.  a  year. 

Swindon,  Old  Town,  Wiltshire,  has  a  population  of 
4,092.    The  sewage  was  for  a  while  utihsed  on  70 


»  Trans.  Inst.  Sur.,  1878. 
3  Birm.  Sew.  Enq.,  1871. 


^  Trans.  Inst.  Sur.,  p.  267. 
"  Roch.  Ret.,  p.  12. 
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acres  of  clay  land,  but  the  nuisance  created  was  so  great 
as  to  compel  the  local  board  of  health  to  take  on  lease 
an  additional  130  acres  of  tertiary  laud  containing 
boulders  overlying  Kimmeridge  clay.^  There  have  been 
no  recent  additional  reports  of  this  undertaking  published. 

Tavistock,  Devonshire,  has  a  population  of  7,725. 
90  acres  of  land,  consisting  of  loam  with  a  subsoil  of 
pebbles,  are  used  for  sewage  purposes,  but  no  information 
concerning  the  undertaking  has  been  pubhshed. 

Waltham  Abbey,  Essex,  has  a  population  of  5,000. 
The  sewage  is  treated  by  'nothing  more  than  simple 
subsidence,  assisted  by  a  dose  of  lime  very  minute  in 
quantity.  It  is  then  pumped  on  to  the  town  mead,  on 
low-lying  land  close  to  the  river,  where  it  soaks  away,  and 
no  pollution  is  apparent.'  ^ 

Waee,  Hertfordshire.,  has  a  population  of  5,000. 
Captain  Flower,  engineer  to  the  Lee  Conservancy  Board, 
says  :  '  The  sewage  which  contains  refuse  from  maltings, 
is  discharged  far  below  the  town  on  to  an  irrigation  farm, 
close  to  the  historically  famous  Eye  House.  It  was 
intended  that  the  sewage  should  be  treated  by  precipita- 
tion before  it  was  apphed  to  the  land,  but  that  action  was 
abandoned.  The  farm  is  on  very  low-lying  ground,  and 
in  flood  time  a  large  area  is  under  water.  I  do  not 
think  the  sewage  of  Ware  can  be  said  to  be  satisfactorily 
disposed  of  in  the  Eye  Meads ;  still  it  soaks  away 
somehow,  and  until  the  land  becomes  supersaturated, 
I  suppose  it  will  not  be  easy  to  discover  pollution.  I 
question  very  much  whether  sewage,  pure  and  simple, 
should  be  permitted  to  be  discharged  on  to  the  land 
which  siurrounds  a  place  of  popular  public  recreation, 
where  thousands  of  hard-worked  Londoners  go  for  a 
Httle  fresh  air,  and  to  spend,  perhaps,  their  only  single 
day's  hohday  in  the  course  of  the  year  in  the  country.' 

1  Rocli.  Eet.  p.  12.  *  Soc.  Arts,  p.  42. 
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The  amount  expended  on  this  undertaking  is  stated  to  be 
578/./  and  the  cost  of  carrying  on  the  work  diuring  the 
year  1875,  690/.2 

Windsor  Castle  has  a  small  sewage  farm  of  18  acres  in 
connection  with  the  new  drainage  works  which  were  carried 
out  in  1873.  The  cost  of  the  pumping  machinery,  tanks, 
land  for  the  farm,  &c.,  was  42,000/.^  and  the  cost  of 
levelling  and  preparing  the  land  was  80/.  an  acre.*  The 
object  of  this  farm  was  to  divert  the  sewage  from  the 
Thames. 


Sewage  farms  where  exceptional  circumstances.,  including 
private  assistance^  are  favourable. 

LoNGTON,  Staffordshire,  has  a  population  of  19,748. 
The  arrangements  for  receiving  the  sewage  are  as  yet 
incomplete ;  but  it  has  been  agreed  that  the  Duke  of 
Sutherland  takes  the  sewage  for  21  years,  the  Corporation 
paying  him  500/.  per  annum.^ 

Leek,  Staffordshire,  has  a  population  of  11,478  ; 
and  the  sewage  is  given  to  landowners  in  the  neighbour- 
hood, who  use  it  upon  100  acres  of  a  porous  sandy  soil. 
This  arrangement  has  been  in  operation  for  some  years. 

Lichfield,  Staffordshire,  has  a  population  of  7,347  ; 
and  the  sewage  is  to  be  given  for  20  years  to  Lord 
Lichfield,  who  commands  an  unlimited  quantity  of  land 
of  a  gravelly  character  for  its  use. 

Mansfield,  Nottinghamshire,  has  a  population  of 
11,824.  The  sewage  is  discharged  mto  the  Eiver  Man, 
and  afterwards,  by  works  executed  at  the  expense  of  the 
Duke  of  Portland,  it  is  used  for  irrigating  his  meadows  at 
Clipston,  consisting  of  about  500  acres  of  a  light,  sandy  soil. 

Penkith,  Cumberland,  has  a  population  of  8,317.  The 

'  Roseb.  Ret.,  p.  14.        "  Ibid.       >  Engineering,  March  27  1874 
Trans.  Inst.  Sur.,  1873,  p.  315.  »  Eocii.  Ret.,  p.  11 
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sewage  has  been  given  to  a  private  landed  proprietor, 
who  uses  it  on  50  to  60  acres  of  his  land,  which  is  of  a 
porous  light  loam ;  bnt  it  is  not  stated  if  the  whole  of  the 
sewage  is  dealt  with, 

Plympton,  St.  Mary  Paeish,  has  a  population  of  3,400, 
the  sewage  from  2,267  of  which  is  utilised  by  the  Earl  of 
Morley  upon  some  of  his  grass  lands,  having  a  very  porous 
sandy  soil.  1,000/.  have  been  laid  out  by  the  local 
authority  on  the  necessary  works. 

South  Molton,  Devonshire.,  has  a  population  of 
3,978.  The  sewage  is  let  to  a  private  landowner,  who 
pays  71/.  IO5.  per  annum  for  it,  and  utUises  it  upon  30 
acres  of  his  land,  which  is  clay  and  heavy  loam  and 
partly  soft  rock. 

Swinton  and  Pendlebury,  Lancashire.,  has  a  popula- 
tion of  20,000,  half  of  which  only  contribute  to  the  sewage. 
There  are  about  12  water-closets  in  use.  The  sewage  is 
filtered  through  tanks,  containing  several  beds  of  sand  and 
charcoal,  and  is  then  utilised  on  32  acres  of  clay  land ; 
but  as  the  system  appears  to  be  only  partial,  and  the 
land  was  given,  laid  out,  and  the  cost  of  working  borne 
by  the  trustees  of  the  late  Duke  of  Bridgewater,  it  is  im- 
possible to  derive  any  practical  data  from  this  case. 

EuGELEY,  Staffordshire,  has  a  population  of  3,374. 
The  sewage  has  been  let  to  a  private  landowner,  who 
utihses  it  on  30  acres  of  loamy,  gravelly  soil,  and  pays  30/. 
per  annum  for  it. 


Sewage  farms  in  which  the  agricultural  element  has  been 

the  chief  consideration. 

At  Aberdeen  the  population  is  about  88,189,  and 
there  are  5,500  water-closets  in  use.  The  sewage  con- 
taiDS  little  manufacturing  refuse,  and  only  a  limited  quan- 
tity of  it  is  utilised.    This  is  sold  to  a  neighbouring 
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proprietor  of  land,  who  uses  it  upon  50  acres,  and  pays 
the  town  council  5/.  for  every  acre  that  he  irrigates,  to 
the  extent  of  1,000,000  gallons  per  acre.  The  whole  of 
the  remainder  (being  the  greater  part)  of  the  sewage 
flows  direct  into  the  mouth  of  the  river  Dee  without  any 
treatment. 

Aldershot  Camp,  Hampshire,  has  a  domestic  water- 
carried  sewage  of  7,000  adults,  amounting  to  about 
200,000  gallons  a  day.  This  is  leased,  and  employed  to 
irrigate  80  acres  of  a  very  porous  sand,  with  a  ferruginous 
subsoil  situated  at  a  distance  of  nearly  2  miles  from  the 
camp,  and  which  has  been  in  operation  for  14  years. 
Notwithstanding  that  the  land  is  of  the  best  quahty 
for  the  purpose,  and  is  in  proportion  of  about  400 
acres  to  a  daily  flow  of  1,000,000  gallons  of  sewage, 
it  is  stated  by  the  authorities  that,  although  no  nuisance 
has  arisen  from  the  effluent  water,  complaints  have 
been  made.^  The  cost  of  working  cannot  be  ascertained, 
and  although  it  is  quoted  by  Mr.  Chalmers  Morton  ^  as 
an  instance,  he  beheves,  of  an  agriculturally  profitable 
farm  to  the  tenant,  its  results,  from  a  sanitary  point  of 
view,  do  not  appear  to  be  satisfactory,  as  may  be  gathered 
from  the  following  statement  of  Mr,  Eggar,  who  says  :— 
'  Having  the  Aldershot  sewage  farm  under  his  observation 
from  day  to  day,  he  was  able  to  speak  confidently  as  to  its 
being  the  most  perfect  success,  in  an  agricultural  point  of 
view,  of  any  in  the  kingdom.  That  was  simply  because 
the  sewage  was  of  the  most  concentrated  character,  and 
was  only  used  about  two  days  out  of  the  seven  on  an 
average  ;  every  other  day  it  ran  straight  into  the  Black- 
water,  which  was  constantly  silting  up  in  consequence. 
Not  long  ago,  an  inspector  fi-om  the  Local  Government 
Board  came  down  to  inspect  it,  and  after  going  over  the 

'  Roch.  Ret.,  p.  5. 

^  Report  to  the  Nottingham  and  Leen  District  Sewerage  Board,  1876. 
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farm  with  liim,  he  said  there  was  nothing  which  anybody 
could  complain  of,  except  what  arose  from  the  cause  he 
had  mentioned,  that  the  sewage  was  flowing  directly  into 
the  river.  Some  time  ago  they  were  told  that  the 
effluent  water  was  so  pure,  that  the  people  broke  down 
the  fences  to  get  it  to  drink ;  but  it  was  based  on  a 
misapprehension,  the  fact  being,  the  water  referred  to  ran 
from  a  drain  with  which  the  sewage  had  no  sort  of 
connection,  and,  therefore,  when  it  was  analysed  by 
Professor  Abel,  it  was  no  wonder  if  it  was  found  to  be 
pure.  There  was  a  new  system  now  being  adopted,  of 
which  the  pubhc  were  not  aware,  whereby  the  sewage, 
instead  of  being  poured  on  to  the  sm-face  was  conducted 
by  large  pipes  laid  just  below  the  surface,  and  when  not 
wanted  on  the  land,  it  ran  straight  into  the  brook  in  the 
same  condition  in  which  it  entered.  In  this  way  the 
pubhc  were  being  deceived,  and  large  sums  were  spent 
on  sewage  farms  without  really  benefiting  the  public 
health.'  ^  Leaving  the  agricultural  view  of  the  matter  out 
of  consideration,  it  is  evident  that  any  statistics  as  to  the 
cost  of  treating  the  sewage  of  Aldershot  while  it  is  dealt 
with  in  so  partial  a  manner  would  be  quite  worthless, 
and,  also,  that  the  system  as  there  in  operation  in  no 
degree  meets  the  sanitary  necessities  of  the  case. 

Baeking,  "Essex,  afibrds  valuable  results  of  an  agri- 
cultural experiment  with  sewage.  Valuable,  inasmuch  as 
they  have  extended  over  6^  years,  and  have  been  con- 
ducted, under  very  able  supervision,  by  those  who 
beheved  in,  and  had  an  interest  in  exhibiting  the  value 
of  town  sewage.  It  must  not  be  overlooked  that  this  was  no 
attempt  to  treat  continuously  an  entire  flow  of  sewage  from 
a  town.  A  small  portion  of  the  London  sewage  only  was 
dealt  with,  and  the  proprietors  of  the  farm  were  able  to 
take  the  sewage  in  such  quantities  as  they  liked,  and  only 

1  The  Sew.  Quest.,  1872,  p.  4  ;  and  Jour.  Soc.  Arts,  Dec.  3,  1875,  p.  43. 
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when  they  hked.  Thus  they  were  freed  from  one  of  the 
greatest  practical  difficulties  which  stands  in  the  way  of 
this  mode  of  disposing  of  sewage.  Some  important  and 
reliable  facts  in  reference  to  sewage  irrigation  from  the 
agricultural  point  of  view  have,  however,  been  ehcited  and 
recorded  through  this  undertaking. 

It  was  in  1866  that  the  MetropoUs  Sewage  Company 
acquired  about  200  acres  of  land  of  a  hght  graveUy  soil, 
and  estabhshed  the  Lodge  Farm  at  Barking,  for  the  pur- 
pose of  ascertaining  whether  the  application  of  sewage  to 
land  would  be  attended  with  the  results  which  were  pre- 
dicted. A  portion  of  the  Metropolitan  sewage,  amounting 
to  about  562,454  tons  a  year,  was  pumped  from  the 
outfall  into  the  Thames  near  Barking  on  to  the  farm.  The 
table  on  the  following  page  gives  the  results  of  the  under- 
taking : — 
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From  the  figures  given  in  the  foregoing  accounts  it 
appears  that  the  apphcation  of  town  sewage  to  land  for 
agricultural  piu-poses  has  not  been  a  profitable  mode  of 
farming,  but,  on  the  other  hand,  has,  excepting  in  dry 
seasons,  resulted  in  an  annual  loss.    It  appears  also  that 
each  succeeding  year  the  quantity  of  land  in  a  given  area  to 
which  sewage  can  be  applied  becomes  less  and  less.  The 
sewage  (notwithstanding  that  the  quantity  taken  was 
optional)  appears  to  have  been  used  with  considerable 
regularity,  and  afibrds  a  valuable  guide  as  to  the  quantity 
of  land  of  a  suitable  character  that  is  requisite  for  sewage 
irrigation  conducted  in  a  manner  to  ensure  good  sanitary 
results.    The  sewage  was  used  at  the  average  rate  of 
about  345,000  gallons  a  day,  and  the  area  of  land  used 
averaged  197  acres,  thus  showing,  that  for  a  daily  flow  of 
1,000,000  gallons  of  sewage,  an  area  of  571  acres  of  land 
of  suitable  soil  would  be  requisite.    How  far  this  propor- 
tion of  land  to  a  flow  of  sewage  could  be  ciurtailed  by  the 
employment  of  filtration  areas  such  as  those  in  operation 
at  Merthyr  Tydfil,  as  supplementary  to  irrigation,  was 
tried  at  Barking  with  the  following  unsatisfactory  result : 
It  is  stated  that  '  this  method  was  largely  carried  out  at 
the  Lodge  Farm  where  the  soil  formed  a  natm-al  filter 
bed.    They  also  apphed  it  in  much  less  quantities  than 
in  a  filter  bed,  and  at  greater  intervals,  and  they  also 
had  vegetation  in  operation.    At  the  same  time,  the 
effluent  water  which  went  away  contained  more  than 
two-thirds  of  the  value  of  the  ammonia,  or  nitrates,  which 
the  sewage  originally  contained.'  ^ 

A  small  experiment,  carried  on  for  twelve  years  at 
Caelisle,  with  a  portion  of  the  sewage  previously  treated 
with  carbolate  of  lime,  does  not  afford  much  data  to  be 
of  service.  The  population  is  31,049,  and  the  sewage  is 
derived  from  2,750  water-closets,  but  no  manufacturing 

>  Soc.  Arts,  p.  73, 
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refuse,  and  drains  direct  into  the  river  Eden.  Irrigation 
with  a  portion  of  the  sewage  only  has  been  tried  privately 
on  a  farm  of  110  acres  of  alluvial  soil,  but  as  no  statistics 
as  to  the  quantity  of  sewage  apphed  are  available,  no  con- 
clusions can  be  drawn  from  this  locality.  It  is  stated 
that  the  rental  of  the  land  soon  rose  from  4/.  to  7^.,^  but 
the  undertaking  was  abandoned  about  two  years  ago  on 
account,  as  stated  by  the  lessee,  of  a  rise  in  coal,  a  smaU 
pumping  engine  being  necessary, 

Chelmsford,  Essecc,  shows  a  very  partial  attempt 
to  purify  the  sewage  by  irrigation.  The  population  is 
9,500.  The  sewage  is  derived  from  1,600  water-closets, 
and  refuse  from  three  or  four  breweries.  The  local 
board  pumps  the  sewage  to  a  height  of  about  20  feet 
on  to  about  70  acres  of  private  land,  called  '  Barnes 
Farm,'  situated  at  Springfield,  in  Essex.  The  tenant 
of  this  land  pays  the  local  board  35/.  a  year  for  the 
sewage.  The  character  of  the  land  is  a  tender  loam 
with  a  gravel  substratum.  This  arrangement  has  been  in 
existence  for  ten  years,  and  the  outlay  by  the  local  board 
has  been  2,300/.^  irrespective  of  300Z.^  a  year,  the  cost  of 
pumping  the  sewage,  &c.  As  the  whole  of  the  sewage  is 
not  dealt  with  (a  portion  from  an  outlying  district  flowing 
into  a  ditch  and  thence  into  the  river,  and  that  which 
accumulates  between  pumping  hours  being  conveyed 
away  by  an  overflow  sewer) it  is  impossible  to  obtain 
any  useful  statistics  from  this  undertaking.  It  would 
appear,  however,  that,  even  under  circumstances  some  of 
which  are  favourable,  the  annual  charge  on  the  town  for 
this  incomplete  work,  inclusive  of  interest  at  5  per  cent, 
on  capital  expended,  but  exclusive  of  supervision,  is 
415/.,  or  lQ\d.  per  head  of  the  population. 

Much  has  been  reported  and  recorded  in  reference  to 

'  Soe.  Arts,  p.  5,  »  Eoseb.  Ret.,  p.  11, 

'  Soc.  Arts,  p.  5;  Roch.  Ret.,  p,  G,  '  Roseb,  Ret.,  p.  11. 
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tlie  irrigation  of  tlie  Craigentinny  Meadows  with  the 
sewage  of  Edinburgh.  The  city  has  a  population  of 
about  196,979.  The  volume  of  sewage  is  about  5,900,000 
gallons  per  day.  However  interesting  to  local  agricul- 
turists the  results  obtained  here  during  the  last  125  years 
may  be,  from  the  application  of  water-carried  sewage  to 
250  acres  of  sandy  and  gravelly  soil,  they,  unfortunately, 
fail  to  assist  sanitary  authorities,  and  are  apt  to  be  mislead- 
ing because,  having  been  conducted  as  a  private  specula- 
tion, the  commercial  results  only  have  been  kept  in  view, 
and  the  sanitary  interests  disregarded,  the  land  having 
been  loaded  and  choked  with  sewage,  to  the  extent  of 
nearly  2,000,000  gallons  per  acre  per  annum.  The 
result  has  been  a  yield  of  heavy  grass  crops,  but  the 
meadows  are  described  as  being  in  a  most  insanitary  con- 
dition.-^ Some  of  the  sewage  escapes  into  the  sea  during 
flood  time.^  Analyses  of  the  sewage  and  the  effluent  are 
given  in  the  Appendix.  The  Elvers'  Pollution  Commis- 
sioners, after  a  careful  investigation  as  to  the  rapid  and 
abundant  growth  of  the  grass  crops  (stated  to  be  of  a 
coarse  and  washy  character),  report  °  that  irrigation  is 
carried  on  in  a  most  careless  manner,  and  that  '  these 
meadows  cannot,  however,  be  named  as  a  good  example 
of  the  agricultural  remedy  for  the  nuisance  created  by 
town  sewage  ;  for  it  is  poured  over  them  in  such  enor- 
mous quantities  that  the  soil  has  not  fair  play  given  it  as 
a  cleanser,  and  water,  therefore,  leaves  the  grass  land  still 
filthy  and  offensive.'  The  Commissioners  fiu'ther  say  :* 
'  The  area  is  not  sufficient  to  take  up  the  whole  of  the 
filth  brought  down  by  the  water.  A  much  larger  extent 
of  crop  could  be  obtained  from  the  use  of  it  if  there  were 

1  The  Sew.  Quest,  1872,  pp.  25,  200. 
Select  Oom.  on  Sewage  of  Towus,  1st  Keport,  1862,  p.  34.  Evidence 
of  Professor  Way. 

»  Riv.  Pol.  dom.  1st  Report,  1808,  pp.  74,  95. 
*  Ibid,,  p.  75. 
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any  land  convenient  on  which  it  could  be  apphed,  or  if 
there  were  a  sufficient  demand  for  the  produce  of  it.  The 
Edinbiu'gh  experience,  therefore,  must  be  quoted  not  as  a 
successfid  example  of  sewage  cleansed  by  irrigation,  but 
rather  as  an  instance  of  the  largest  produce  raised  by 
means  of  it  from  a  Ihnited  area  of  land.'  The  insanitary 
condition  of  these  sewage  meadows  does  not  appear  to 
have  caused  up  to  the  present  time  any  unhealthy  results 
in  their  neighbourhood  but  notwithstanding  this,  the 
Commissioners'  reports  are  sufficient  to  prevent  their 
being  regarded  as  affording  much  guide  in  the  disposal 
of  water-carried  sewage  by  means  of  irrigation. 

Worthing,  Sussex,  has  a  population  varying  from 
5,000  to  16,000,  according  to  the  season  of  the  year.  The 
sewage  is  taken  by  the  Worthing  Land  Improvement 
Society,  who  pay  10/.  a  year  for  it,  and  is  utilised  on 
97  acres  of  loam  land.  The  Local  Board,  how- 
ever, pump  the  sewage  at  an  annual  cost  of  450/.^  The 
arrangement  is  that  for  the  first  7  years  the  Board 
deliver  the  sewage  of  the  district  on  to  the  land  without 
-payment;  for  a  second  term  of  7  years,  which  com- 
menced in  December,  1871,  the  Company  pay  the  Board 
10/.  per  annum  for  the  sewage,  at  the  expiration  of  this 
term,  if  the  sewage  is  still  supplied,  the  amount  to  be  paid 
for  the  same  is  to  be  determined  by  arbitration.^  This, 
however,  is  an  arrangement  scarcely  lil^ely  to  continue,  as 
it  appears  the  Company  have  agreed  to  take  no  more  of 
the  sewage  than  they  like,  and  only  when  they  like.*  The 
flow  of  sewage  is  about  55,000  gallons  per  hour  during  the 
daytime  from  a  resident  population  of  7,500.  About  four- 
fifths  of  this  is  hfted  to  a  height  of  nine  feet  on  to  the 

^  Address  on  Public  Health  delivered  at  the  Social  Science  Congress  in 
I8G.3,  by  Professor  Christisou,  M.D. 

'  Roseb.  Ret.,  p.  39,  '  Roch.  Ret.,  p.  17. 

*  The  Sew.  Quest.,  1872,  pp.  14,  15. 
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farm  by  means  of  the  surplus  power  from  the  engine  of 
the  waterworks. 


Sewage  farms  that  are  incomplete  and  in  course  of 

preparation. 

Abingdon,  Berkshire,  has  a  population  of  5,809,  and  it 
is  in  contemplation  to  spend  upwards  of  20,000/.^  in  con- 
structing an  outfall  sewer,  in  erecting  a  sewage  pumping 
station,  and  in  purchasing  48  acres  of  land  for  irrigation 
and  filtration. 

The  circumstances  here  are  most  unsuitable  for  utI- 
gation  ;  the  site  is  on  the  Kimraeridge  clay,  and  is  situated 
at  the  junction  of  the  river  Ock  with  the  Thames,  upon 
the.  former  of  which  there  are  several  locks,  and  the 
locality  is  already  more  or  less  water-logged. 

OxFOED  has  a  population  of  32,477,  and  water-closets 
are  in  universal  use.  The  sewage  is  purely  domestic. 
Works  are  now  in  operation  for  its  utilisation  upon  330 
acres  of  land,  and  a  sum  of  42,500/.^  has  already  been 
spent  in  this  respect,  but  they  are  not  yet  completed. 

Beading,  Berkshire,  has  a  population  of  32,314.  'An 
extensive  irrigation  scheme  is  now  in  course  of  preparation. 
The  authorities  obtained  an  Act  in  1870  to  acquire  900 
acres  of  land  for  the  purpose  of  deahng  with  the  sewage. 
The  character  of  the  soil  is  suitable,  being  loam  and 
light  clay,  overlying  gravel.  The  character  of  the  sewage 
is  chiefly  domestic,  and  contains  but  little  refuse  from 
manufactories.  Carrying  out  this  work  will  involve  the 
purchase  of  land  and  its  preparation,  deepening  a  por- 
tion of  the  river  Kennet,  and  the  erection  of  a  pump- 
ing station.  The  sewage  will  have  to  be  pumped  a 
height  of  42  feet  and  a  distance  of  2,733  yards.    It  is 

^  Includes  also  sewering  of  the  town,  about  8;000/. 
2  Boeeb.  Ket,,  p.  32, 
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intended  at  first  only  to  purchase  765  acres,  and  ta  pre- 
pare SO  acres  of  it  for  irrigation,  including  10  acres  as 
a  filtering  ground.  The  sum  of  252,557/.^  has  been 
authorised,  and  234,917/.^  has  already  been  borrowed. 

WoLVEEHAMPTON,  Staffordshire,  has  a  population  of 
70,000;  there  are  about  750  water-closets  in  use.  The 
sewage  contains  manufacturing  refuse  from  galvanising 
and  brass  foundry  works,  and  amounts  to  an  average  daily 
flow  of  about  2,500,000  gallons,  passing  on  to  the  farm 
by  gravitation.  In  the  year  1868,  the  Corporation 
adopted  a  scheme  for  acquiring  900  acres  of  land  for 
utilising  the  sewage.  A  commencement  was  made  by 
purchasing  a  farm  of  283  acres  of  a  loamy  sand,  mixed 
with  peat  and  fight  soil,  at  the  following  cost : — 

Sewage  farm  .         .         .         .  32,000 

Works  on  sewage  farm  .  .  .  .  9,391 
Compensation  and  survey  charts .         .         .  5,150 

Total   .        .        .      ■  .        .    46,541  » 

This  farm  was  let  on  lease  for  7  years  from  1868,  at 
an  annual  rental  of  750^.  It  soon  became  apparent,  how- 
ever, that  the  tenant  was  more  of  a  farmer  than  a 
sanitarian,  and  that  he  did  not  hesitate  to  use  only  such 
quantities  of  sewage  as  he  needed.  The  Corporation, 
therefore,  paid  him  1,000/.  compensation  to  give  up  the 
farm,  and  have  since  kept  it  in  their  own  hands. 

The  difficulty  experienced  here  in  obtaining  more 
land  upon  anything  like  reasonable  terms  is  so  great,  that 
it  is  endeavoured  to  treat  the  sewage  upon  this  limited 
area  ;  but  satisfactory  results  are  not  obtained,  and  are  not 
likely  to  be  until  additional  land  is  acquired,  or  some  other 
plan  adopted. 


1  TWa  amount  appears  to  include  also  the  cost  of  sewering  the  town,  and 
improvements  to  the  water-works. 

^  Roseh,  Ret.,  p.  4.  »  Soc.  Arts,  p.  17. 
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Places  where  irrigation  has  been  entertained  and  the 

idea  abandoned. 

Near  Alnwick,  the  Duke  of,  Northumberland  put 
down  machinery  and  pipes  over  some  270  acres  of  mixed 
land,  and  applied  sewage  in  various  quantities  to  all  kinds 
of  crops ;  but  although  the  tenants  got  the  sewage  free 
of  cost,  the  whole  arrangement  has  been  abandoned,  the 
baihflf  of  the  district  reporting  unfavourably  on  the  use 
of  liquid  sewage  for  corn  or  any  rotation  crops.-*^ 

Coventry. — The  reasons  for  abandoning  the  idea  of 
irrigation  are  stated  at  page  38. 

Edmonton. — The  local  authorities  purchased  113.^ 
acres  of  gravelly  land  for  13,613/.  for  irrigation  purposes, 
and  now  only  partially  irrigate  on  30  acres,  having 
supplemented  it  by  a  precipitation  process,  8  acres  ot 
the  land  being  used  for  filtration  of  the  effluent  water, 
a  reference  to  which  is  made  elsewhere. 

Liverpool. — A  company  was  formed,  in  1866,  with  a 
view  of  irrigating  a  portion  of  the  sea-shore  known  as 
the  Crossby  Sands.  The  contract  to  take  the  sewage 
was  for  a  term  of  25  years,  and  although  considerable 
expense  was  inciu:red  by  the  company  in  the  erection 
of  a  pumping  station  and  mains,  the  work  has  been 
abandoned. 

BiCHMOND. — In  1850,  a  proposal  was  made  to  irrigate 
the  Deer  Park  with  sewage,  but  it  was  disallowed  by  the 
Government.. 

West  Ham. — The  authorities  sought  to  dispose  of  the 
sewage  by  irrigation,  but  Government  refused  to  sanction 
it.  A  pumping  station  and  precipitating  tanks  have  been 
erected  at  a  cost  of  7,700/.,^  but  the  sewage  is  pumped 

1  Krepp  on  Sewage,  p.  32.  *  Roseb.  Ret.,  p.  12. 
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direct  into  the  river  Lee,  at  Bow  Creek,  without  any 
treatment,  at  a  cost,  in  the  year  1875,  of  l,740/.i 

Wimbledon.  —  The  authorities  here  acquired  4873- 
acres  of  clay  land  at  306/.  per  acre,  and  have  supple- 
mented it  by  precipitation  works,  which  are  referred  to 
elsewhere. 

Leeds.  —  The  idea  of  irrigation  was  at  one  time 
entertained,  but  abandoned  as  impracticable.  It  would 
have  involved  either  pumping  the  sewage  to  a  con- 
siderable height,  or  conveying  it  a  distance  of  some 
25  miles  towards  the  Humber  before  sufficient  suitable 
land  could  be  obtained.  The  great  outlay  involved  by 
either  of  these  plans  led  to  their  unanimous  rejection  by 
the  Committee.^  Precipitation  works  have  been  adopted, 
and  a  reference  to  them  is  made  elsewhere. 

Kingston-on-Thames. — The  sewage  goes  direct  into 
the  river,  and  the  Thames  Conservancy  recently  obtained 
a  summons  against  the  Corporation  for  penalties  to  the 
extent  of  100,000/.  for  not  abating  the  nuisance.  Several 
years  ago  the  authorities  purchased  106  acres  of  a  sandy 
soil,  at  a  cost  of  9,000/.^  with  a  view  of  irrigation,  and 
the  necessary  works  were  estimated  to  cost  28,875/. ;  but 
the  scheme  has  been  abandoned,  and  it  is  now  proposed 
to  treat  the  sewage  by  precipitation. 


Places  specially  illustrating  the  requisite  quantity  of 
land  for  irrigation. 

An  account  of  the  successful  utihsation  of  the  sewage 
of  Stafford  Jail  on  land  has  been  recorded.*  The 
number  of  inmates  of  the  gaol  was  1,300.  The  flow  of 
domestic  sewage  was  36,720  gallons  a  day.    The  land 

1  Roseb.  Ret,  p.  12.      «  gog^  ^^^^  3  RqcIi.  Ret.,  p.  8. 

*  First  Rep.  Riv.  Pol.  Oom.,  1866,  Appendix,  p.  42. 
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irrigated  comprised  34  acres  of  meadow  with  a  peaty 
soil,  being  at  the  rate  of  about  1,000  acres  to  a  flow 
of  1,000,000  gaUons  per  day. 

Another  instance  of  successful  disposal  of  sewage  on 
a  small  scale  on  land  has  also  been  recorded,^  at  Broad- 
moor Lunatic  Asylum,  the  number  of  inmates  being 
600,  and  the  flow  of  domestic  sewage  21,000  gallons  a 
day.  The  land  irrigated  was  19  acres  in  extent,  and  its 
character  gravel  and  sand,  the  proportion  being  950 
acres  of  land  to  a  flow  of  1,000,000  gallons  per  day. 

It  should  be  observed  that  in  each  of  these  cases  the 
circumstances  were  favourable,  and  that  the  land,  which 
was  of  the  most  suitable  character,  was  used  in  the  pro- 
portion of  about  1,000  acres  to  a  daily  flow  of  1,000,000 
gallons  of  sewage. 

A  more  practical  or  rehable  illustration  of  the  quantity 
of  land  requisite  for  proper  disposal  of  town  sewage 
probably  does  not  exist  than  that  shown  by  the  experi- 
ment of  the  Earl  of  Essex  with  the  sewage  of  Watford, 
Hertfordshire.  He,  in  the  year  1855,  was  induced,  by 
the  theoretical  value  assigned  to  sewage  for  agricifltiural 
purposes,  to  incur  the  expense  of  applying  the  sewage  of 
that  town  to  his  land.  The  population  of  Watford  was 
then  4,000,  and  the  flow  of  sewage  amounted  to  60,000 
gallons  a  day.  The  land  to  which  it  was  ap|)hed  was 
loam  on  gravel,  which  is  the  very  best  description  for 
such  a  purpose.  It  was  anticipated  that  210  acres  of 
land  would  be  required  for  this  amount  of  sewage,  and 
accordingly  that  quantity  was  underpiped  or  drained  ; 
but  it  was  found  after  a  time  that  60  or  70  acres  repre- 
sented the  area  to  which  the  sewage  could  be  applied 
with  advantage,^  thus  showing  a  proportion  of  1,090 
acres  of  land  to  a  daily  flow  of  1,000,000  gallons.  His 

1  First  Rep.  Riv.  Pol.  Ooin.,  1866,  Appendix,  p.  42. 

'  Select  Committee  on  Sewage  of  Towns,  First  Report,  1862,  p.  1. 
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lordship  was  successful  in  growing  good  crojDs,  but  he 
says :  '  I  think  that  my  operations  just  pay,  and  that  is 
all ' ;  and  this  work,  upon  which  so  much  labour  and 
expense  had  been  bestowed,  was  subsequently  discon- 
tinued.   An  injunction  having  been  granted  against  the 
local  board  of  Watford  (the  population  having  increased 
to  7,461),  they  now  employ  a  very  elaborate  system 
for  the  treatment  of  the  sewage.    It  is  a  combination 
of  precipitation  by  hme,  filtration,  and  irrigation,  and 
is  thus  described:    'First,  irrigation  on  eighteen  acres 
of  land  ;  second,  (auxiliary)  precipitation  by  hme,  with 
small  quantity  of  chloride  of  hme  added.  Horizontal 
filtration  through  coke  ;  upward  filtration  through  coke ; 
downward   filtration   through   cocoa  matting,  shingle, 
and  gravel;  horizontal  filtration  through  screens  of 
charcoal.' 1    There  are  1,400  water-closets  in  use;  the 
land  used  is  a  gravelly  loam  in  character,  and  the  sewage 
is  partly  pumped  and  partly  delivered  by  gravitation. 
This  plan  has  been  in  operation  four  years,  but  little 
information  is  afforded  as  to  its  results.    The  intercepting 
sewers  and  works  are  said  to  have  cost  about  1,400/.,  and 
the  land  rental  to  be  44/.  per  annum.    The  cost  of 
deahng  with  the  sewage,  for  the  year  1875,  is  said  to  be 
725/.  145.  2d.,  but  it  is  not  stated  if  the  cost  of  pumping, 
rent  of  land,  and  interest  on  capital  are  included.  The 
income  from  sale  of  crops,  during  the  same  period,  is  siven 
at  523/.  95,  M:'  ^ 


Contemplated  Sewage  Farm. 
Nottingham  has  a  population  of  90,000,^  and  there 
are  about  3,000  water-closets  in  use;  there  is  also  manu- 

\  Roseb.  Ret.,  p.  14.  2  Soc.  Arts,  p.  17 

It  18  proposed  to  include  six  adjacent  places  in  the  sewera-^e  scheme 
which  would  make  the  population  to  be  dealt  with  150  000  uSn 
daUy  flow  of  sewage  5,000,000  gallons.  '      ^""^  '^''^^'^S:^ 
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factiiring  sewage  from  lace,  hosiery,  dye,  and  bleach 
works.  A  scheme  has  been  suggested  for  the  disposal  of 
the  sewage  on  530  acres  of  land,  at  a  considerable  'out- 
lay. Although  the  land  selected  is  of  suitable  quality, 
its  area,  in  comparison  to  the  sewage  to  be  dealt  with, 
appears  to  be  quite  disproportionate  according  to  existing 
experience  in  irrigation.  Mr.  Baily  Denton,  C.E.,  seeks 
to  meet  this^objection,  and  says  :  '  With  favourable  soil 
it  may  be  taken  as  certain  that  1  acre  of  suitable  land 
drained  2  yards  deep,  and  used  intermittently,  will 
permanently  cleanse  the  sewage  of  1,000  persons,  and, 
consequently,  that  150  acres  so  drained  would  suffice 
for  the  cleansing  of  the  sewage  at  present  discharged 
from  your  district ;  with  the  same  conditions  500  acres 
would  be.  ample  provision  for  the  next  50  years  if 
these  respective  quantities  of  land  were  carefully  prepared 
for  intermittent  downward  filtration,  and  devoted  to  that 
purpose.  Thus  the  530  acres  of  land,  all  of  which 
is  capable  of  being  drained  at  least  2  yards  deep, 
would  satisfy  the  future  as  well  as  present  requirements, 
and  leave  a  surplus.'  It  seems  doubtful  how  far  the 
authorities  of  Nottingham  will  feel  justified  in  trymg 
this  experiment. 
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PART  IV.— FILTRATION. 

Excepting  in  laboratory  experiments,  and  a  few  instances 
upon  a  very  small  scale,  filtration  of  crude  or  untreated 
sewage  apart  from  irrigation  has  never  yet  succeeded. 
Experiments  were  tried  by  the  Eivers'  Pollution  Commis- 
sioners, in  1868,  with  filtration  of  sewage  through  various 
soils,  and  they  came  to  the.  very  natural  conclusion, 
'  that  the  process  of  filtration  through  sand,  gravel,  chalk, 
or  certain  kinds  of  soil,  if  properly  carried  out,  is  the 
most  effective  means  for  the  purification  of  sewage.'  ^  It 
should,  however,  no  longer  be  lost  sight  of  that  the 
Commissioners'  experiments  were  all  upon  a  very  limited 
scale,  and  were  not  carried  on  uninterruptedly  for  any 
length  of  time.  In  dealing  continuously  with  sewage 
of  a  town  by  filtration,  two  great  difficulties  are  in 
practice  found  to  arise,  which  are  not  perceivable  in 
merely  experimeatal  measures.  Whatever  the  filtering 
medium  may  be,  land,  gravel,  charcoal,  or  other  substances, 
the  result  in  the  end  is  the  same,  viz. :  I.  The  pores  of 
the  filter  become  choked  after  a  time  with  the  sohd 
matter  contained  in  sewage ;  and  sooner  or  later  when 
they  are  choked,  the  filter  acts  only  in  a  partial  manner, 
ceasing  to  purify  what  sewage  may  find  its  way  through 
it,  and  eventually  is  unable  to  filter  at  all.  II.  The  col- 
lection of  sohd  fiscal  and  other  matter  deposited  from 
sewage  upon  the  surface  of  the  soil,  or  filter,  does  give 
rise  to  a  formidable  nuisance.    Attempts  have  been  made 

^  First  Kep.  Eiv.  Pol.  Oom.,  1868,  \\  60. 
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to  meet  the  first  of  these  clifiiculties  by  removing  and 
replacing  the  filtering  medium,  and,  when  char«oal  has 
been  employed,  either  to  utihse  it,  thus  fortified  by  the 
solid  matters  from  sewage,  as  a  manure,  or  to  revivify 
it  by  burning  out  the  organic  matter  it  has  arrested  from 
the  sewage,  and  using  it  over  again  for  the  same  purpose. 
However  seemingly  successful  either  of  these  may  be  on  a 
very  small  scale,  they  have  completely  failed  when  put  into 
practice ;  no  ready  sale  for  the  charcoal  as  a  manure 
occurs.    It  is,  moreover,  too  expensive  an  article  to  keep 
in  large  quantities  on  hand,  and,  in  addition,  the  cost 
of  labour  to  constantly  remove  the  large  amount  of 
filtering  medium  necessary  for  either  purpose  is  so  great 
as  to  make  such  an  undertaking,  even  if  it  were  satis- 
factory in  other  respects,  quite  impracticable  ;  attempts 
have  also  been  made  to  meet  the  second  difficulty  by 
the  cultivation  of  the  surface  of  the  filtering  beds,  the 
supposition  being,  that  the  vegetation  grown  thereon  will 
take. up  and  utihse  the  organic  matter  deposited  from  the 
sewage.    In  practice,  however,  it  is  found  that  such  an 
expedient  will  only  answer  as  an  auxiliary  to  irrigation 
or  sewage  farming,  where  the  overdosing  of  the  vegeta- 
tion growing  upon  the  filters  may  be  avoided.  Earth 
being  a  filtering  medium  easily  obtained,  and  chemical 
as  well  as  mechanical  in  its  action,  is  of  much  value  for 
this  purpose,  if  carefully  used.    It  may  be  safely  em- 
ployed, when  the  sewage  is  weak  or  very  dilute,  in  com- 
bination with  irrigation,  and  for  the  filtration  of  efiluent 
waters  from  precipitation  processes,  but  with  risk  if  used 
apart  from  either  of  these. 

Though  many  trials  have  been  made,  no  instance 
can  be  adduced  of  a  successful  attempt  to  purify  crude 
sewage  by  filtration  alone.  From  the  following  places 
(38  in  number)  where  various  modes  of  filtration 
have  been  adopted  or  tried,  there   appear  scarcely 
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any  but  unsatisfactory  results  in  a  sanitary  point  of 
view.  . 

Abergavenny,  Monmouthshire.—'  Two  sets  of  wicker- 
work  filled  with  gravel,'  have  been  employed.  The 
filters  are  cleaned  out  every  6  weeks,  and  the  residue, 
dried,  sells  for  manure  at  3s.  &d.  per  ton;^  but  a 
nuisance  arises  from  it  in  hot  weather.^ 

Alton,  Hampshire,  tried  subsidence,  and  filtration 
through  coarse  shingle,  but  it  proved  unsuccessful.^ 

AsHBY-DE-LA-ZoucH,  Leicestershire. — The  sewage  was 
received  in  tanks  divided  into  compartments,  between 
which  strainers  were  placed,  composed  of  perforated 
boards  3  feet  apart.  The  upper  strainers  were  filled 
with  coarse,  the  lower  ones  with  finer,  pebbles,  and  the 
last  with  fine  gravel ;  but  the  plan  was  abandoned. 

Atheeton,  Lancashire,  '  employed  three  setthng 
tanks  and  two  filter  beds,  composed  of  broken  stones, 
gravel,  and  sand ' ;  *  but  these  are  about  to  be  replaced 
by  some  other  method.^ 

Bacup,  Lancashire. — 'Five  vertical  compartments, 
four  charged  with  coke  and  one  with  charcoal,  were 
used.^  Although  it  is  said  that  no  nuisance  arises,  there 
is  yet  scarcely  any  sewage  to  deal  with. 

Banbury,  tried  filtration  of  the  sewage,  but  aban- 
doned it,  and  resorted  to  irrigation.'' 

BiLSTON,  Staffordshire,  filtered  the  sewage,  '  first, 
through  ten  12-inch  pipes  filled  with  straw,  then  subsiding 
tanks,  and  finally  through  two  ash  filter  beds.'  ^  As  it 
has  been  recently  stated  that  the  sewage  goes  direct  into 
the  river,^  this  plan  has  evidently  been  found  ineffectual. 

Buxton,  Derbyshire. — '  A  settling  tank,  the  effluent 

1  Soc.  Ai-ts,  p.  1.  »  Roch.  Eet.,  p.  19. 

'  Roch.  Ret.,  p.  25;  also  the  Sew.  Quest.,  p.  35. 

*  Roch.  Ret.,  p.  19.  *  Roseb.  Ret.,  p.  17. 

«  Itoch.  Ret.,  p.  19.  ^  Soc.  Arts,  p.  2. 

8  Roch.  Ret.,  p.  19.  "  Soc.  Arts,  p.  3. 
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water  passing  through  a  straw  filter,'  was  tried,  but  it 
gave  rise  to  a  nuisance  in  dry  weather.^ 

Bishop  Aucklajto,  Durham.—'  Subsiding  tanks  and 
filtration  through  beds  of  coke  and  ashes '  ^  have  been 
tried  but  abandoned.^ 

Beadfoed,  Yorkshire,  entered  into  a  contract  in  1873 
with  the  Peat  Engineering  and  Sewage  Filtration  Company 
Limited,  for  the  use  of  Weare's  filtration  process,  which 
had  been  found  to  answer  on  a  small  scale  at  the  Stoke- 
upon-Trent  workhouse  ;  but  after  some  time  it  was  found 
not  to  succeed  upon  so  large  a  scale,  and  has  been 
abandoned.*  This  process  had  for  its  object  the  con- 
version of  the  filtering  material  into  a  manure. 

BuEY  St.  EDMUNDS.—Previous  to  krigation,  filtration 
through  charcoal  and  gypsum  was  tried,  but  failed.^ 

Canteebuey— From  the  year  1868  to  1872  the 
sewage  was  filtered  through  charcoal,  'but  was 
abandoned,  being  too  expensive  and  producing  no  good 

results.' 6    The   present  system    is   as  follows:  The 

sewage  is  treated  in  five  settling  tanks,  and  flows  on  until 
it  comes  to  the  filtering  beds,  which  are  in  duphcate.  In 
the  first  place,  it  passes  through  two  yards  of  gravel  and 
straw  combined,  then  it  comes  up  through  a  layer  4  feet 
wide  and  8  inches  thick,  passes  down  through  another 
layer  of  straw  and  coke,  then  up  through  another,  and 
away  to  the  river.'''  No  account  of  the  cost  of  this  work  is 
afforded,  but  it  must  be  heavy,  because  the  gravel  has 
to  be  removed  every  fortnight,  and  laid  out  in  the  open 
air  to  be  renovated.  It  also  fails  to  be  satisfactory  in 
a  sanitary  point  of  view,^  as  it  is  stated  to  be  only  faMy 

»  Roch.  Ret.,  p.  19.  «  Rocli.  Ret.,  p.  19. 

^  Roseb.  Ret.,  p.  10.  *  Birm.  Sew.  Euq.,  p.  47. 

Roch.  Ret.,  p.  4.  «  Roseb.  Ret.,  p.  15. 
'  Soc.  Arts,  p.  74.  »  Rocb.  Ret.,  p.  18. 
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successful,  and  that  in  the  end  there  was  no  doubt  but 
that  the  authorities  would  adopt  some  other  system.^  It 
is  stated  that  500  cubic  yards  of  sludge  is  taken  out  of 
the  sewage  per  annum,  which  sells  for  150/.'^ 

Chelmsford.— Previous  to  irrigation,  subsidence  and 
filtration  through  charcoal  were  tried,  but  failed.^ 

Cheltenham.— Previous  to  irrigation,  filtration 
through  gravel,  with  lime  treatment,  was  tried,  and 
abandoned.'* 

Chesterfield,  DerhysUre. — '  At  the  outlet  of  each 
sewer  is  fixed  a  filter,  consisting  of  three  screens  com- 
posed of  perforated  metal  plates,  forming  boxes  filled 
with  gravel  and  animal  charcoal ' ;  ^  but  a  nuisance  arises 
from  the  process.^ 

Coventry. — Previous  to  the  process  now  in  use, 
subsidence  tanks  with  lateral  filters  formed  of  perforated 
planks  inclosing  walls  of  gravel  3  feet  thick,  were  con- 
structed at  considerable  expense  and  used,  but  completely 
failed. 

Croydon,  previous  to  irrigation,  tried  filtration 
through  charcoal,  but  it  failed.^ 

Ely,  Cambridgeshire. — 'Upward  filtration  through 
sand,  &c.'  has  been  tried  and  abandoned,  and  '  catch-pits, 
with  upward  chequered  woodwork  sieves,'  are  being 
tried  with  no  better  success.^ 

Ealing,  Middlesex. — The  sewage  was  received  in  de- 
positing tanks,  and  then  passed  through  a  rough  filter  ot 
gravel  or  burnt  ballast,  and  baskets  filled  with  charcoal ; 
the  Elvers'  Pollution  Commissioners  report  as  follows  of 
this  process :  '  The  suspended  matters  were  of  course  to 

1  Soc.  Arts,  p.  4.  ^  Ibid. 

3  Ptocli.  Ret.,  p.  7  ;  and  Birm.  iSew.  Enq.,  p.  58. 

*  Soc.  Arts,  p.  105.  ^  Eoseb.  Ret.,  p.  8. 

«  Roch.  Ret.,  p.  19.  '  Ibid.,  p.  7.  «  Ibid.,  p.  18. 
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a  great  extent  arrested,  but  the  effluent  liquid  retained 
nearly  all  the  original  amount  of  soluble  putrescible 
organic  matter,  and  was  totaUy  unfit  to  be  admitted  into 
running  water.'  i    It  has  since  been  abandoned. 

_  Eneield,  Middlesex.— L^\q,-^^\  filtration  tried,  and 
failed.^ 

East  Baenet,  Eertfordshire.  The  British  Land  Com- 
pany tried  filtration  through  burnt  gravel,  but  it  failed.^ 

Faeeham,  Southampton.—'  The  sewers  discharge  into 
settling  tanks,  at  the  top  of  which  is  suspended  charcoal 
in  baskets ;  from  these  tanks  the  hquid  sewage  passes 
through  filters  and  rough  gravel.  After  passing  through 
the  filtering  bed,  the  effluent  water  passes  over  clay  which 
is  changed,  or  to  which  is  added  a  little,  every  day.'  * 
Although  the  effluent  water  passes  into  the  sea-water 
creek,  this  system  was  not  satisfactory,-^  and  no  recent 
reports  of  it  have  been  furnished. 

Geantham,  Lincolnshire,  tried  '  a  system  of  settling 
tanks  with  iron  grates,'  but  it  did  not  succeed  and  was 
abandoned.*^ 

Haeboene,  Staffordshire,  deals  with  the  sewage 
partly  by  lime  and  partly  by  upward  filtration  through 
gravel,  coke,  and  charcoal,  placed  upon  perforated  elm 
boards.''  The  process  is  still  in  operation,  but  no  recent 
report  of  it  has  been  made. 

HuESTPiEEPOiNT  has  made  an  attempt  to  filter  the 
sewage  through  '  straw,  dry  earth,  ashes,  sand,  heath,  and 
burnt  clay,'  but  it  resulted  in  a  nuisance.^ 

LiTCHUECH,  Derbyshire. — ^The  sewage  passes  into  tanks, 
and,  after  subsidence,  runs  through  a  wicker  screen,  and 

^  First  Eeport  Hiv.  Pol.  Com.,  1868,  p.  60.  »  Rocli.  Ret.,  p.  9. 

'  Second  Report  Riv.  Pol.  Com.,  1867,  p.  xiii. 

*  Roch.  Ret.,  p.  20.  »  Ihid.  p.  21.  «  Ibid.  p.  21. 

^  Roch.  Ret.,  p.  21  ;  Soc.  Arts,  p.  8 ;  and  Roseb.  Ret.,  p.  35. 

'  Roch.  Ret.,  p.  21. 
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then  through  a  bed  of  coke  or  slag  and  two  beds  of 
charcoal.    It  is  not  satisfactory.^ 

Ludlow,  Shropshire,  filters  the  sewage  simply  through 
broken  stone  and  fine  gravel,  but  no  sanitary  accounts  of 
this  work  are  published. 

MoELEY,  Yorkshire,  has  made  an  attempt  to  filter  the 
sewage,  but  it  gives  rise  to  a  nuisance.^ 

Newcastle-undee-Ltme,  Staffordshire,  passes  the  sew- 
age through  '  wickerwork  and  perforated  planks,  filled 
in  with  charcoal,  coke,  and  sandstone,  broken  in  pieces.' 
The  process,  however,  gave  rise  to  a  nuisance,  and  com- 
pletely failed.^ 

OswESTEY,  Shropshire,  filters  the  sewage  at  the  outlet 
of  depositing  tanks,  through  6  inches  of  gravel  laid  upon 
perforated  iron  plates,  and  covered  with  similar  plates, 
but  the  result  is  not  satisfactory.* 

St.  Thomas-the-Apostle,  Devonshire. — An  attempt 
to  deal  with  the  sewage,  amounting  to  about  200,000 
gallons  a  day,  was  made.  First,  a  small  dose  of  carbohc 
acid  and  hme  was  added,  it  was  then  passed  through  sub- 
siding tanks,  and  next  through  a  coarse  strainer  of  per- 
forated iron,  and  finally  filtered  through  a  lateral  filter  of 
coarse  gravel  about  2  feet  thick.  It  then  flowed  away 
in  an  open  gutter  for  2  miles,  but  the  result,  though 
better  than  some  instances  of  filtration,  does  not  appear 
upon  the  whole  to  have  been  satisfactory.^. 

Saffeon  Walden,  Essex,  passes  the  sewage  into  sub- 
siding tanks,  and  then  through  gravel  filters,  but  no  re- 
ports of  results  have  been  pubhshed. 

SouTHAM,  Warwickshire,  filtered  the  sewage  through 
perforated  elm  boards,  filled  in  between  with  gravel, 
burnt  soil,  or  coke,  but  it  completely  failed.^ 

1  Eoch.  Ret.,  p.  21.        ^  j^gg]^  j^e^..,  p.  22.         »  Ibid.      *  Ibid, 

*  The  Sew.  Quest.,  p.  34  ;  and  Roch.  Ret.,  p.  22. 

•  Roch.  Ret.,  p.  22. 
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^Tewxesbuey,  Gloucestershire.,  filters  the  sewage  through 
three  filtering  beds  of  different  sized  gravel.  It  is  said 
to  answer  the  purpose.^ 

Ulverston,  Lancashire.— Tho,  sewage  was  first  passed 
through  a  gorse  screen,  then  upwards  through  broken 
stones.  This  process,  however,  failed  to  purify  it ;  and, 
as  a  nuisance  arose,  arrangements  were  made  to  pass 
it  to  Morecambe  Bay  into  the  sea. 

UxBRiLGE,  Middlesex. — The  sewage  flows  first  into 
subsiding  tanks,  and  is  then  filtered  through  twelve  boxes 
of  coarse  vegetable  charcoal.  The  process  is  very  un- 
satisfactory, and  an  injunction  has  been  granted  to  re- 
strain the  Local  Board  from  polluting  the  river  Colne.^ 

Walton-on-the-Hill,  Lancashire. — The  sewage  was 
passed  through  two  tanks  containing  three  vertical  filters 
filled  with  gravel,  broken  stones,  &c.  The  result  has  been 
a  complete  failure.  Legal  proceedings  were  threatened, 
which,  however,  were  stayed  by  the  Local  Board  endea- 
vouring to  purchase  a  sewage  farm.^ 

Wellingboeougii,  Northamptonshire. — At  one  outfall 
nine  tenths  of  the  sewage  are  treated  by  mechanical  filtra- 
tion, viz.,  with  vertical  gravel  filters  and  cocoa  matting 
strainers  ;  and  at  another  outfall  one  tenth  of  the  sewage 
is  treated  by  intermittent  filtration  through  one  acre  of 
land.  The  process,  after  sixteen  years'  use  of  the  former 
and  three  of  the  latter,  is  unsatisfactory,  and  it  is  stated 
that  '  no  method  tried  has  been  found  successful  in  pre- 
venting pollution  of  rivers.'  * 

Other  places  might  be  mentioned  where  filtration  ex- 
periments have  been  tried,  but  it  is  considered  that  suffi- 

^  Soc.  Arts,  p.  16. 

*  Eocli.  Ret.,  p.  22 ;  Soc.  Arts,  p.  16 ;  the  Sew.  Quest.,  p.  35 ;  Roseb. 
Ret.,  p.  29 ;  and  Birm.  Sew.  Euq.,  p.  58. 

^  Rocli.  Ret.,  p.  22  ;  and  Soc.  Arts,  p.  IG.- 

*  Roch.  Ret.,  p.  23 ;  Soc.  Arts,  p.  17. 
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cient  evidence  has  been  obtained  to  prove  conclusively 
that  whatever  be  the  filtering  medium  employed,  and 
whether  in  conjunction  with  subsidence  tanks  or  not, 
for  crude  or  untreated  sewage  the  system  has  been  unsuc- 
cessful. 

Mr.  C.  E.  Austin,  C.E.,  has  proposed  a  'Prompt 
separation  process  of  sewerage  '  for  removing  solids  from 
the  fluid,  which  is  thus  described.  '  A  shaft  or  chamber 
is  constructed  at  each  central  point  of  drainage.'  '  In  the 
centre  of  the  chamber  a  manure  box  is  fitted  in  such  form 
as  to  receive  all  the  solid  matter  passing  from  the  sewer  ; 
and  it  is  enclosed  in  a  strainer  so  arranged  as  to  allow  the 
fluid  portion  of  the  suUiage  to  flow  through  into  the 
chamber,  but  to  deliver  the  solid  parts  and  cause  them  to 
be  deposited  in  the  box  or  caught  in  the  deodorising 
materials  which  form  the  filter.' 
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PART  v.— DISCHARGED  INTO  THE  SEA. 

With  so  much  doubt  and  uncertainty  hitherto  existing 
on  the  subject,  it  is  not  surprising  that  sanitary  authorities 
and  engineers  have  sought  to  dispose  of  town  sewage  by 
a  plan  which  at  first  sight  seemed  certain  to  reheve 
them  from  further  trouble.  Being  content  to  view 
sewage  in  the  light  of  a  useless  thing  to  be  got  rid  of,  and 
thinldng  that  by  casting  the  whole  of  it  into  the  sea  it  was 
out  of  the  way,  they  have  in  some  instances  adopted  this 
plan ;  but  the  sea  has  not  been  found  to  afford  the  antici- 
pated solution  of  the  difiiculty,  inasmuch  as  where  there 
are  no  currents  setting  off  the  point  of  delivery  of  the 
sewage  it  is  returned  to  the  shore.  Opinions  favom^able 
to  this  mode  of  dealing  with  sewage  exist  in  some 
quarters  which  can  hardly  be  reconciled  with  a  know- 
ledge of  what  actually  takes  place  when  sewage  is  cast 
into  the  sea.  There  are,  however,  some  places  where 
circumstances  are  favourable  to  this  course  being  pur- 
sued in  dealing  with  sewage,  but  in  general  it  will  be 
found  to  be 

Uncertain  in  its  sanitary  results. 

Attended  with  heavy  cost. 

Entirely  wastefnl. 
In  reference  to  the  first  of  these,  it  being  a  fact  that 
sewage  has  a  higher  temperature  and  a  lower  specific 
gravity  than  sea  water,  the  two  will  not  mix  together,  con- 
sequently the  sewage  floats  upon  the  surface  of  the  sea, 
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and  is  frequently  carried  in  shore  by  currents  in  a 
decomposing  state.  It  is,  therefore,  of  Httle  use  to  run 
it  into  deep  water,  for  it  will  rise  to  the  surface  hke  a 
cork,  nor  is  distance  from  the  shore  of  much  avail,  for 
it  will  be  brought  back  again  by  the  tide.  These  results 
have  frequently  been  observed  and  recorded.  It  is  stated 
by  ]\Ir.  Hanvey  that  at  Dover  'a  bay  is  formed  by  the 
Shakespeare  Cliff  and  the  Admiralty  Pier,  with  Archley 
Fort  almost  in  the  centre,  where  the  outlet  pipe  dis- 
charges;  the  result  was  that  for  a  considerable  period 
there  was  slack  water,  a  quantity  of  sludge  was  deposited 
and  flocculent  matter  was  seen  floating  about.  This  passed 
on  towards  the  pier,  and  remained  there  until  a  north- 
easter, or  some  other  powerful  agent,  carried  it  away. 
Efforts  had  been  made  for  many  years  to  get  rid  of  the 
nuisance.  Some  persons  thought  the  best  mode  would  be 
to  lay  a  pipe  to  the  end  of  the  Admiralty  Pier,  while 
others  considered  the  pijoes  should  be  extended  into  a 
depth  of  seven  fathoms.  He  had  himself  made  experi- 
ments with  corks  at  different  times  of  the  tide,  which  in 
about  a  quarter  of  an  hour  returned  to  the  bathing 
machines  on  the  Marine  Parade.  He  also  put  in  some 
corks  in  front  of  Archley  Fort,  and  in  about  the  same 
time  they  were  on  shore.  There  was  a  south-west  breeze 
for  about  nine  months  in  the  year,  which  carried  any 
floating  matter  in  towards  the  shore.  In  quiet  seasons 
the  matter  suspended  in  the  water  was  precipitated,  with 
what  result  might  be  easily  imagined.'  ^  In  the  neigh- 
bourhood of  Carnarvon  it  has  been  said  by  Mr.  Humphreys 
(Mayor  of  Carnarvon)  that  the  sewage  is  cast  into  the 
estuary  of  the  harbour,  and  a  great  deal  of  the  sludge 
is  left  at  corners  on  the  beach  where  it  is  thrown  by  the 
current.  The  nuisance  is  so  great  that  the  authorities 
are  desirous  of  adopting  some  means  of  obviating  it.^ 
^  Proc.  Inst.  O.E.,  vol.  iliii.  p.  221.  «  Soc.  Arts,  p.  87. 
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It  is  said  that  when  decayed  organic  matter  is  dis- 
charged into  the  sea,  salt  water  acts  as  a  preservative, 
and  that  it  floats  about,  giving  off  into  the  atmosphere 
most  unhealthy  gases.^  To  this  cause  has  been  assigned 
the  insanitary  state  of  some  of  the  Mediterranean  har- 
bours, for  instance  '  the  Bay  of  Naples,  so  justly  cele- 
brated for  all  that  is  lovely  and  picturesque  in  natural 
scenery,  but  behind  the  road  from  Chiaja  towards 
the  Grotto  of  Cicero,  a  .spot  which  otherwise  might 
be  emphatically  called  an  earthly  paradise,  lies  in  the 
direction  of  Posilipo,  a  veritable  infernal  pit,  the  out- 
let of  the  Cloaca  of  Naples  into  the  sea.  The  effluvium 
arising  from  it,  horrible  beyond  description,  brings  sure 
death  to  all  within  its  vicinity,  in  consequence  of  which 
many  noble  castles  and  villas  scattered  along  the  coast 
have  long  since  been  abandoned;  amongst  others  the 
beautiftil  but  gloomy  palace  of  Queen  Giovanna  L,  which, 
once  the  favourite  abode  of  wealth  and  luxury,  now  Hes 
in  utter  desolation,  mouldering  in  ruins  and  dust.'  '  At 
the  Port  of  Marseilles  also  the  death-hke  fatality  which 
hangs  over  it  is  well  known.  Founded  400  years  B.C., 
it  was  abeady  in  the  time  of  Csesar  celebrated  for  its 
trade  and  shipping.  The  harbour  is  quite  a  marvel  of 
nature  and  art,  but  at  the  same  time  wofully  notorious 
for  its  immense  accumulations  of  filth,  which  are  still  daily 
increasing  by  the  recently  constructed  sewage  works.' 

'  It  is  currently  reported  amongst  mariners  that  the 
Marseilles  pilots  can  take  a  ship  into  that  port  in  the 
thickest  of  fogs  and  on  the  darkest  of  nights  guided  by 
the  smell  alone.' ^  Other  instances  of  unhealthiness  aris- 
ing from  this  cause  are  mentioned.  The  Bay  of  Cadiz, 
Eio  de  Janeiro,  in  South  America,  and  Havana,  are 
ports  said  to  be  now  reaping  the  results  of  pouring 
sewage  into  the  sea  continued  through  ages.^    It  has 

1  Krepp  on  Sewage,  1867,  p.  60.        *  Ihid.,  p.  61.        ^  Ibid.,  p.  62. 
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been  stated  by  Mr.  James  White  that  '  some  thirty- 
seven  years  ago  Government  directed  an  investigation 
into  the  causes  of  bad  health  on  the  west  coast  of 
Africa,  and  the  injury  to  the  copper  sheathing  of 
vessels,  with  the  remedies  which  might  be  suggested. 
The  report  showed  that  when  any  animal  or  vegetable 
matter  came  into  contact,  not  with  sea-water  itself,  but 
with  the  sulphates  contained  in  it,  sulphuretted  hydrogen 
was  produced  in  an  enormous  quantity,  and  it  was  cal- 
culated that  an  area  of  12,000  square  miles  on  the  west 
coast  of  Africa  was  thus  rendered  unfit  for  Europeans  to 
live  in.  With  regard  to  throwing  sewage  into  the  sea,  it 
should  be  remembered  that  for  two-thirds  of  the  year  a 
south-west  wind  was  pretty  general  01^  the  whole  of  the 
south  coast  of  England,  and  as  long  as  that  blew  there 
was  no  offence  ;  but  with  an  east  wind,  at  Hastings  for  in- 
stance, the  stench  from  the  outfall  sewer,  nearly  half  a 
mile  or  a  mile  distant,  was  something  fearful.  This  was 
also  the  case  at  Margate  ;  and  all  who  had  resided  there 
knew  that  when  an  east  or  north-east  wind  blew,  the 
stench  from  sewer  gas  was  very  bad,  consisting  of  sul- 
phuretted hydrogen  to  a  large  extent.  It  was  the  same 
at  Ipswich,  and  even  as  far  as  Edinburgh,  where  the  nui- 
sance was  very  bad  with  an  east  wind.  Some  sixteen 
years  ago  at  Campbelltown,  where  there  was  not  a  single 
water-closet,  the  whole  of  the  ordure  was  thrown  into  the 
street  and  swept  into  the  large  beautiful  bay,  and  there  it 
remained,  a  portion  passing  away  at  each  tide.  Two 
years  afterwards  that  fine  town  was  nearly  decimated  by 
disease.  This  showed  that  unless  you  had  a  swift  and 
free  discharge  the  throwing  of  sewage  into  sea  water  was 
dangerous.' 1  Mr.  Abernethy,  C.E.,  says,  'At  Margate, 
after  a  long  discussion  upon  competing  schemes,  it  has 
been  resolved  to  discharge  the  sewage  about  one  and  a 

'  Soc.  Arts,  p.  87, 
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half  miles  eastward  of  the  town  into  the  sea,  beyond  a 
reef  which  projected  at  right  angles  to  the  shore,  forming 
a  low-water  groyne.  Eastward  of  that  natural  groyne 
there  was  another  of  the  same  character,  and  between 
them  a  sandy  bay,  so  that  the  sewage  discharged  between 
those  two  natural  groynes  at  low-water  would  be  cooped 
up  between  them,  and  would  remain  permanently  de- 
posited at  that  point.  Near  high-water  mark,  when  the 
current  was  exceedingly  strong,  a  portion  would  no  doubt 
be  carried  back  to  Margate,  and  gentlemen  enjoying  the 
pleasures  of  natation  might  find  articles  parted  with  long 
ago  in  close  proximity  to  their  persons.' ^  The  same 
authority  states,  that  'having  been  recently  consulted 
with  regard  to  the  sewage  of  Eamsgate,  he  found  that  the 
whole  of  the  sewage  of  the  town  was  discharged  at  low- 
water  mark  quite  close  to  the  western  pier,  the  result 
being  that  when  the  foreshore  was  uncovered  the  nui- 
sance was  exceedingly  great.  He  had  ascertained  that  at 
certain  periods  of  the  tide  and  of  the  discharge,  the 
sewage^  found  its  way  du-ectly  into  the  harbom-,  and  even 
beyond  the  western  pier  on  to  the  foreshore,  which  was 
extensively  used  as  bathing  ground.'  ^ 

Previous  to  the  construction  of  the  new  sewerage 
works  at  Brighton,  and  when  there  were  eight  outfalls 
into  the  sea  into  deep  water,  and  far  from  the  beach,  the 
'  sewage  used  to  rise  and  float  on  the  surface  in  jfront  of 
the  town,  and  has  been  thus  referred  to  by  Mr.  Hayter  : 
'  The  specific  gravity  of  sewage  being  less  than  that  of  sea 
water,  the  sewage  rose  to  the  surface ;  and  even  at  the 
old  central  outfall  at  the  Steyne,  which  was  1,760  feet 
from  the  shore,  and  further  seaward  than  any  of  the 
others,  the  stream  of  sewage  was  plainly  visible  from  the 
shore,  and  to  those  who  went  in  boats  and  came  near 


1  Proc.  Inst.  O.E.,  vol.  xlv.  p.  100. 


«  lUd.,  vol.  xliii.  p.  207. 
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the  point  of  discharge  -the  effluvium  was  unpleasantly 
evident.'  ^ 

Ml'.  Lockwood,  borough  surveyor  at  Brighton,  also 
says  :  '  There  was  to  be  seen  when  it  rained  a  yellow  patch 
of  water,  which  gave  alarm  to  visitors  when  they  were  told 
what  it  was; '2  and  the  late  Dr.  Alfred  Smee,  F.E.S., 
stated  that  at  Brighton  he  '  had  seen  for  half  a  mile  or 
one  mile  in  length  the  sewage  floating  at  the  top  of  the 
water — a  nasty  and  a  noxious  thing.' ^ 

Six  years  ago  the  authorities  at  Brighton  sought  to 
escape  from  these  evils  by  conveying  the  sewage  into  the 
sea  at  some  point  other  than  that  immediately  adjoining 
the  town,  and  they  united,  for  this  purpose,  the  eight 
existing  outfall  sewers  by  an  intercepting  sewer.  The 
population  of  Beightoj^  is  stated  to  be  92,473,  but  the 
drainage  area  is  said  to  embrace  a  population  of  109,319. 
The  sewage  is  of  a  purely  domestic  character,  and  the  ' 
average  daily  flow  amounts  to  about  2,500,000  gallons. 
The  intercepting  outfall  sewer  commences  at  Cliftonville, 
the  west  end  of  Brighton,  and  discharges  to  the  east- 
ward, into  the  sea  at  Portobello.    The  entire  length  is 
miles.    The  average  internal  diameter  is  from  5  ft.  to 
7  ft.    It  is  constructed  of  brickwork,  terminating  at  the 
outfall  in  iron  pipes.  •  The  invert  of  the  sewer  at  Clifton- 
ville is  21  ft.  6  in.  above  low-water  of  spring  tides,  and 
the  invert  of  the  iron  pipes  is  level  with  low  water  at 
sprmg  tides ;  beyond  the  mouth  of  the  pipes  the  sewage 
runs  m  a  trench,  only  visible  at  low-water  during  sprinc^ 
tides.    The  range  of  tide  is  about  15  ft.,  the  greatest 
rise  being  22  ft.,  and  the  least  9  ft.    Ventilators  are 
placed  at  every  200  yards  along  the  line,  and  the  cost  of 
the  whole  work  was  100,000/.* 

How  far  success  will  permanently  attend  placing 

;  Proc.  Inst,  as.,  vol  xliu.  p.  224.  ^  lUd.,  vol.  xliii.  p.  217 

lUd.,  vol.  xly.  p.  184.  .  lud.,  vol.  xliii. 
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the   outfall  at  Portobello  remains   to   be  seen,  but 
no  sooner   was   the   work   completed,   than   a  new 
difficulty  arose,  viz.,  that  of  sewer  gas.    This  trunk 
sewer,  7  J  miles  long,  and  averaging  6  ft.  in  diameter,  has 
its  outlet  closed  by  the  sea  to  such  an  extent  as  to  be 
rarely  able,  if  ever,  to  completely  empty  itself.    It  is 
clear,  then,  that  the  sewer  became  practically  an  enor- 
mous elongated  cesspool.     Large  quantities  of  sewer 
gas  generated,  more  than    could  escape  through  the 
ordinary  ventilators,  and  as  the  tide  rose,  the  sewage 
rising  in  the  sewer  would  diminish  the  space  available 
for  holding  gases,  and  they  would  be  forced  up  the 
branch  drains  into  the  houses.    Mr.  Abernethy  states 
that  '  a  similar  intercepting  culvert  to  that  at  Brighton 
had  been  made  at  Aberdeen,  and  it  was  found  that  during 
the  period  when  the  tidal  valve  was  closed  and  the  sewer 
had  no  outlet,  the  noxious  gases  generated  in  the  main 
culvert  found  their  way  up  the  various  drains  and  sub- 
sidiary sewers  into  the  higher  part  of  the  town.'^  Dming 
this  stagnation  of  sewage  another  evil  also  occurs,  the 
solid  matter  deposits,  and  a  large  accumulation  of  sludge 
takes  place  in  the  sewer. 

Although  the  works  were  only  completed  lately, 
complaints  have  already  been  made  on  the  subject,  and 
the  Brighton  authorities  have  been  obliged  to  endeavour 
to  meet  these  difficulties  by  introducing  a  ventilating 
arrangement,  consisting  of  a  furnace  and  chimney,  to 
produce  a  draught  through  a  portion  of  the  sewer  about 
one  mile  eastward  of  Kemp  Town. 

The  sludge  deposited  in  the  sewer  is  removed  at 
night  from  the  catch  pits  at  the  rate  of  six  to  twenty-one 
loads  or  cubic  yards  per  week.^ 

So  far  as  the  cost  is  concerned  the  authorities  of 


1  Proc.  Inst.  O.E.,  vol.  xliii.  p.  208. 


«  lUd.,  p.  223. 
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Brighton  would  not  have  had  much  to  complain  of,  as 
the  works  involve  a  charge  of  hi.  IO5.  per  million  gallons 
of  sewage,  or  about  \s.  per  head  per  annum  of  the  jDopu- 
lation ;  but  at  present  it  is  impossible  to  foresee  what 
further  expense  may  become  requisite,  inasmuch  as  the 
sanitary  results  must  be  regarded  as  uncertain. 

The  sewage  of  Glasgow  is  discharged  direct  into  the 
Clyde  ;  it  has  for  years  produced  a  most  intolerable 
nuisance,  and  has  been  the  subject  of  more  than  one 
enquiry.  Up  to  the  present  time  the  prevaihng  idea  has 
been  to  convey  it  miles  away  from  the  city  to  the  sea. 

The  population  of  Glasgow,  together  with  that  of  the 
small  burghs  and  suburbs  which  are  now  included,  in  it 
for  drainage  calculations,  has  been  recently  estimated  at 
080,000.  The  sewage  from  these  places  is  of  a  manu- 
facturing character,  and  has  lately  been  stated  to  amount 
to  an  average  daily  flow  of  48,000,000  gallons.^  In  the 
year  1868  it  was  proposed  by  Messrs.  Bateman  and 
Bazalgette  to  construct  intercepting  sewers  to  connect  the 
various  outfalls  from  the  city  of  Glasgow  itself,  which 
discharge  into  the  Clyde,  and  to  convey  the  whole  of  the 
sewage  to  the  sea  by  means  of  a  large  trunk  sewer  9  ft. 
in  diameter,  and  27  miles  in  length,  having  a  fall  of  20 
inches  per  mile.  This  outfall  sewer  was  for  the  greater 
portion  to  be  in  tunnel,  and  was  to  have  its  outfall  in 
Irvine  Bay,  midway  between  Irvine  and  Ardrossan,  on 
the  west  coast,  opposite  to  the  Isle  of  Arran,  which 
is  distant  about  fourteen  miles,  the  invert  of  the  sewer 
being  on  a  level  with  low-water  ordinary  spring  tides. 
The  cost  of  this  entire  work,  including  the  necessary 
pumping  stations,  was  estimated  at  1,089,756/.,  and 
the  probable  outlay  at  l,253,256/.2  At  that  time  the 
population  to  be  dealt  with  was  estimated  at  500,000, 

^  Sir  John  Hawkshaw's  Report  on  the  Purification  of  the  Clyde,  p.  ix. 
Sewage  of  Glasgow :  Bateman  and  Bazalgette,  p.  30.  '   •  -  • 
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and  the  volume  of  sewage  at  thirty-five  milhon  gallons 
per  day,  so  that  5  per  cent,  interest  upon  the  above  ex- 
penditure, exclusive  of  the  cost  of  pumping  the  sewage 
and  maintaining  the  works,^  would  have  entailed  a  charge 
of  about  hi.  per  million  gallons  of  sewage,  or  at  the  rate 
of  25.  6(i.  per  head  per  annum  of  the  population.  This 
plan  embraced  the  proposal  of  irrigating  11,000  acres  of 
land  with  a  portion  of  the  sewage  on  its  way  to  the  sea. 

Further  steps  were  not  taken  in  reference  to  this 
subject  until  the  year  1874,  when  Sir  John  Hawkshaw 
was  appointed  by  Koyal  commission  to  examine  and 
report  upon  the  best  means  for  the  purification  of  the 
Clyde.  Accordingly  he  held  an  enquiry  at  Glasgow  in  the 
early  part  of  1875,  and  his  report  was  issued  in  the  early 
part  of  the  following  year.  This  investigation  embraced 
more  than  the  sewage  of  Glasgow,  and  extended  to  other 
places,  situated  in  the  valley  of  the  Clyde,  the  sewage 
from  which  also  pollutes  that  river.  Sir  John  Hawk- 
shaw states  in  his  report  that,  '  considering  the  Filtration 
and  Irrigation  systems  ^  inapplicable  in  this  case,  it 
remains  to  be  considered  whether  it  would  be  advisable 
to  discharge  the  sewage  into  the  Clyde  at  Whiteinch  after 
subjecting  it  to  some  process  of  deodorisation,  or  to 
convey  it  still  farther  and  to  discharge  it  into  the  river, 
or  Firth  of  Clyde,  or  the  sea,  at  some  place  to  be  decided 
upon.  By  the  addition  first  of  suitable  deodorising  and 
precipitating  substances,  such  as  alum,  clay,  hme,  and 
charcoal,  to  the  sewage,  thus  allowing  the  soHd  matter  to 
subside,  and  afterwards  filtering  the  hquid  through  pre- 
pared filters  to  be  used  intermittently,  I  beheve  that  the 
whole  of  the  sewage  of  the  district  under  consideration 

1  Estimated  at  4,870/.  per  annum. 

»  According  to  practical  data  the  quantity  of  land  for  tliispm-pose  would 
amount  to  18,864  acres. 
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might  be  discharged  into  the  Clyde  at  Whiteinch  without 
causing  a  nuisance  to  the  neighbourhood.'  ^  Sir  John 
Hawkshaw  having  thus  pointed  out  the  practicability  of 
dealing  with  the  sewage  by  precipitation,  was  deterred 
from  advising  its  adoption  for  two  reasons — 1st.  The  seem- 
ingly heavy  cost  of  a  chemical  process ;  and  2nd.  The 
difficulty  of  disposing  of  the  large  amount  of  manure  that 
would  be  produced.  The  former  he  estimated,  inclusive 
of  pumping  and  labour,  at  80,000Z.  a  year,  and  the  latter 
at  from  400,000  to  500,000  tons  annually.  These  de- 
ductions appear  to  have  been  drawn  from  the  results 
of  lime  treatment  and  of  working  the  A  B  C  process  at 
Crossness.  It  should,  however,  be  noticed  that  treatment 
of  sewage  by  precipitation  has  made  considerable  progress 
since  those  data  were  pubhshed,  and  that  a  suitable 
chemical  process  could  deal  with  sewage  hke  that  of 
Glasgow,  at  an  annual  cost  for  chemicals  not  exceeding 
25,000/.  for  treatment  of  48,000,000  gallons  per  day, 
and  that  the  amount  of  dry  manure  produced  could  be 
brought  down  to  40,000  tons  per  annum,  or  150,000 
tons  containing  75  per  cent,  of  moisture  suitable  for 
carting. 

Sir  John  Hawkshaw,  influenced,  however,  by  the 
considerations  above  mentioned,  hesitated  to  advise  pre- 
cipitation and  fell  back  upon  almost  a  similar  recommen- 
dation for  the  city  of  Glasgow  and  its  immediate  neigh- 
bourhood as  that  made  by  Messrs.  Bateman  and  Bazal- 
gette  eight  years  before.  He,  however,  abandons  the 
idea  of  applying  any  of  the  sewage  to  land  on  its  route 
to  the  sea.  He  also  changes  a  portion  of  the  line  for 
the  main  sewer  so  as  to  pass  through  about  two  miles  and 
a  lialf  less  of  mineral  country,  and  to  discharge  into 
the  Firth  of  Clyde,  at  Farland  Head,  nine  miles  farther 

'  Sir  Jolm  Ilawkshaw's  Kepoii;,  p.  xi. 
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north  tliau  the  spot  selected  for  an  outfall  by  Messrs. 
Bateman  and  Bazalgette,  five  miles  and  a  half  from  Ar- 
drossan,  six  miles  and  three  quarters  from  Saltcoats,  and 
one  mile  and  a  half  from  Little  Cumbrae  Island. 

The  length  of  the  outfall  sewer  is  the  same,  viz. 
twenty-seven  miles.    It  would  be  in  tunnel  the  entire 
way  from  Whiteinch  to  Farland  Head,  at  depths  below 
the  surface  ranging  from  20  to  470  feet.    The  proposed 
internal  diameter  is  thirteen  feet  and  the  gradient  10.^ 
inches  in  a  mile.     The  estimated  cost  of  this  outfall 
sewer  is  1,500,000^.,  which  at  5  per  cent,  interest  (exclu- 
sive of  pumping  the  sewage  and  maintenance)  would 
involve  a  charge  equivalent  to  4/.  55.  7cZ.  per  milhon 
gallons,  or  2s.  1\d.  per  head  per  annum  of  the  popu- 
lation dealt  with.    This  work  would  only  provide  for  the 
requirements  of  Glasgow,  Paisley,  Johnstone,  Renfrew, 
Coatbridge,  and  Ardrie,  so  that  upwards  of  two  and 
twenty   other  towns  and  villages,  including  Greenock, 
Gourock,  Port  Glasgow,  Helensbm^g,  Dumbarton,  Barr- 
head, Thornliebank,  Neilston,  Busby,   New  Cathcart, 
Wishaw,  Motherwell,  Hamilton,  &c.,  with  a  united  popu- 
lation of  upwards  of  150,000,  would  continue  to  pollute 
the  Clyde  and  remain  still  to  be  dealt  with.  Objections 
can  easily  be  made  to  any  plan  for  deahng  with  the 
sewage  of  Glasgow  and  its  neighbourhood,  but  experience 
with  long  outfall  tunnelled  sewers  having  very  httle 
inclination  and  discharging  at  low  water  does  not  point 
to  this  plan  being  unobjectionable,    and  it  would  be 
well  to  carefully  consider  the  following  points  before  a 
work  of  such  magnitude  is  carried  out. 

1.  The  discharge  of  48,000,000  gallons  of  raw  sewage 
daily  into  the  sea  in  the  neighbourhood  of  Ardrossan, 
Saltcoats,  Great  Cumbrae,  Little  Cumbrae,  and  Bute 
Islands,  may  be  attended  with  serious  nuisance  in  those 
localities. 
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n.  The  line  of  sewer  will  apparently  pass  through 
at  least  two  miles,  and  immediately  along  the  border 
for  nine  miles,  of  land  hable  to  be  imdermined  by  coal 
or  mineral  workings.  There  is,  therefore,  a  risk,  although 
it  may  be  but  a  small  one,  of  the  sewer  being  deflected 
or  fractured  by  subsidence  of  the  strata  so  as  to  render 
it  inoperative. 

III.  The  great  length,  the  small  amount  of  fall,  and 
the  fact  that  the  mouth  of  the  sewer  would  be  closed  for 
a  considerable  portion  of  time,  might  cause  a  repetition 
of  the  difficulties  which  have  occmTcd  in  the  Brighton 
outfall  sewer  as  regards  ventilation,  sewer  gases,  and  the 
deposit  of  sludge. 

At  Weston-super-Mare,  St.  Leonards,  Torquay, 
Eastbourne,  Llandudno,  and  other  sea-coast  places  the 
sewage  has  been  discharged  into  the  sea.  At  the  latter 
place,  in  Carnarvonshire,  with  a  resident  population  of 
3,500,  works  have  been  recently  carried  out  to  convey 
the  sewage  1,200  yards  into  the  sea  to  a  point  below 
low-water  mark,  where  it  is  said  the  currents  both 
at  high  and  low  water  are  all  seawards.  The  cost  of 
this  work  with  sewering  the  place  was  estimated  at 
23,000/.,  which  would  impose  an  extra  rate  of  Is.  in 
the  pound. 

The  following  may  be  noticed  as  efforts  to  unite 
together  for  sewage  purposes  perhaps  more  than  as  pro- 
posals to  cast  sewage  into  the  sea. 

During  the  session  of  1875,  the  West  Kent  Main 
Sewerage  Board  obtained  parliamentary  powers  for 
uniting  the  parishes  of  Bromley,  Beckenham,  Hayes, 
Orpington,  Chislehurst,  Mottingham,  the  Grays,  Bexley, 
Crayford,  East  Wickham,  Erith  and  Dartford,  in  one 
drainage  scheme,  and  to  convey  the  sewage  from  those 
places  in  one  trunk  outfall  sewer  thirteen  miles  and  a  half 
in  length  to  Long  Eeach  in  the  Eiver  Thames,  eight 
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miles  below  the  outfall  of  the  Metropolitan  sewage.  This 
scheme  appears  to  possess  the  advantages  likely  to  arise 
from  a  combination  of  several  districts  similarly  circum- 
stanced. 

Upon  the  same  principle  of  combination  it  has  been 
proposed  by  the  Surbiton  Improvement  Commissioners 
to  unite  sixty-seven  places  with  a  population  of  347,000 
situated  in  the  Thames  Valley,  in  one  common  drainage 
system. 

For  this  purpose  Sir  Joseph  Bazalgette  proposes  the 
construction  of  a  sewer  to  '  start  from  Eton,  follow  the  left 
bank  of  the  Thames  to  Datchet,  there  cross  the  river  to  its 
right  bank,  which  it  follows  to  Old  Windsor,  thence  pro- 
ceed in  a  nearly  straight  line  through  Egham,  to  a  point 
opposite  Staines,  where  it  would  receive  a  branch  bring- 
ing the  sewage  from  Colnbrook,  Horton,  Stan  well,  &c., 
thence  in  a  southerly  direction  to  Chertsey,  thence, 
taking  an  easterly  direction,  to  cross  the  left  bank  of 
the  river  at  Shepperton,  where  it  would  be  joined  by  a 
branch  sewer  bringing  the  sewage  from  Littleton  and 
Laleham,  thence  proceeding  in  the  same  (easterly)  du^ec- 
tion  to  Kingston,  crossing  the  Thames  beneath  its  bed, 
receiving  between  Shepperton  and  Kingston  the  sewage 
of  Halliford,  Sunbury,  and  Hampton. 

At  a  point  on  the  right  bank  of  the  river,  about  one 
and  a  half  miles  east  of  Kingston,  the  main  sewer  would 
receive  (1),  an  arterial  sewer  with  branches  which  convey 
the  sewage  from  Weybridge,  Walton,  Hersham,  West 
and  East  Molesey,  Esher,  Thames  Ditton,  Long  Dittou, 
and  Surbiton,  on  the  right  bank  of  the  river  ;  (2),  a  second 
arterial  sewer  with  branches  from  Heston,  Hounslow, 
Twickenham,  Teddington,  Hampton  Wick,  Brentford,  Isle- 
worth,  &c. ;  and  (3),  a  third  artery  with  branches  from 
Ealing,  Acton,  Chiswick,  on  the  left,  andKew,  Barnes,  Mort- 
lake,  Kichmond,  Petersham,  Kingston,  &c.,  on  the  right 
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bank  of  the  river.  As  far  as  this  point,  near  Kingston,  the 
^  sewage  of  all  the  places  in  the  united  district  lying  to  the 
north  and  west  of  that  place  is  brought  by  gravitation. 
The  population  of  the  northern  and  western  portion  of 
the  district  is  about  240,000.  From  this  point  the  whole 
volume  of  sewage  is  to  be  raised  by  pumping  fifty  feet 
into  a  higher  sewer,  along  which  it  flows  by  gravitation 
to  a  point  near  Mitcham,  receiving  in  its  course,  by 
branches,  the  sewage  of  Epsom,  Ewell,  Sutton,  Maiden, 
Merton,  Morden,  Carshalton,  Cheam,  Wimbledon,  &c.' 

'  From  Mitcham,  the  sewage  is  again  pumped  through 
a  -  rising  main  (96  feet  vertical  height)  to  Thornton 
Heath,  where  it  flows  by  gravitation  to  Beckenham.  At 
Beckenham,  it  is  proposed  that  the  sewage  shall  be 
received  into  the  sewers  of  the  West  Kent  Drainage 
Board,  and  flow  by  gravitation  to  their  outfall  in  the 
Thames  in  Long  Eeach,  about  three  miles  and  a  quarter 
east  of  Erith.' 

The  work  is  estimated  approximately  to  cost 
476,000^. 

This  proposal  gave  rise  to  an  enquiry  by  Lieut. -Col. 
Ponsonby  Cox,  E.E.,  an  Inspector  of  the  Local  Government 
Board,  and  a  report  of  liis,  pubhshed  in  April  1876,  is  not 
favourable  to  the  carrying  out  of  this  scheme.  He  says  : 
'  I  am  prepared  to  admit  that  there  are  difficulties  ex- 
isting in  greater  or  lesser  degree  through  the  whole  united 
district,  difficulties  which  are,  perhaps,  felt  to  their  greatest 
extent  in  the  district  of  the  apphcants  and  of  their 
immediate  neighbours;  yet,  regarding  the  proposed  united 
district  as  a  whole,  these  difficulties  appear  to  me  to  be 
much  exaggerated,  and  I  do  not  consider  that  they  are 
so  great  as  to  require  for  their  solution  quite  so  heroic 
a  treatment  as  that  proposed  by  the  Surbiton  Commis- 
sioners.' 

In  reference  to  those  places  which  are  comparatively 
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remote  from  the  river,  Colonel  Cox  says  their  sole 
difficulty  appears  to  be  that  land  is  valuable  because  they 
are  suburban  to  London,  and  consequently  the  sites  for 
purification  works  are  costly,  but  he  does  not  think  this 
a  sufficient  reason  for  the  authorities  of  those  places 
embarking  in  so  large  a  scheme  as  the  combination  pro- 
posed by  Surbiton.  As  regards  the  towns  and  villages 
above  the  Water  Companies'  intake,  he  considers  that  by 
grouping  several  of  them  together  for  common  pumping 
works  their  sewage  might  be  disposed  of  in  a  perfectly 
satisfactory  manner  at  not  unreasonable  cost ;  and  with 
regard  to  the  places  between  Hampton  and  the  Western 
boundary  of  the  Metropolitan  district  (situated  below  the 
Water  Companies'  intake)  he  remarks :  '  That  filtration 
through  land  before  admission  into  the  Thames  above 
the  intake  of  the  Water  Companies  is  necessary  may  be 
admitted  ;  but  lower  down  the  stream,  where  the  necessity 
for  piu-ity  is  much  less,  sewage  may  be  sufficiently 
purified  or  clarified  by  precipitation  for  admission  into 
the  river.' 
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PART  VI.— APPEI^^DIX. 

Analysis  of  Sludge,  loroduced  by  the  Coventry  process,  hy 
Br.  Voelcker,  F.B.8.^ 

NoxB. — This  analysis  is  taken  from  the  Report  of  the  Local  Government 
Board  Committee,  and  the  value  of  the  same  containing  15  per  cent,  of 
moistiu-e  is  also  here  given,  to  correspond  with  other  analyses  in  that  report. 

Moisture       ......  47-36 

Organic  matter  (containing  nitrogen  0'69  equal  to 
ammonia  0'84  ;  or,  approximately,  if  reduced 
for  15  per  cent,  of  moisture,  ammonia  1'50)  15-95 
Oxide  of  iron  and  alumina  .         .  .5-17 

Tribasic  phosphate  of  lime  ....  1-81 
Carbonate  of  lime  .....  7'32 
Sulphate  of  lime  .  .  .  .  .1-19 
Alkaline  salts  and  magnesia  (containing  potash 

0-20,  and  chloride  of  sodium  0-02)    .         .  2-38 
Insoluble  siliceous  matter    .....  18-82 


100-00 


£   s.  d.     £   s.  d. 

Estimated  money  value  of  sludge 
(containing  47*36  per  cent,  of 
moisture)  per  ton        .         .    0  16  9^ 

Corrected  for  manure  containing 

15  per  cent,  of  moisture  .    1    7  1|- 

Market  value  of  sludge  (con- 
taining  47-36    per   cent,  of 

moisture)  .  .         .^056  to  0842 

Corrected  for  manure  containing  * 

15  per  cent,  of  moisture .         .    0    8  10-^„  0  13  5^ 

*  Loc.  Gov,  Bd,  Rep,,  p.  49.  «  Ibid.  p.  Ixiii, 
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Analysis  of  Effluent  Water,  from  Ooventry  Sewage  Worlcs,  hy 

Br.  Voelcher. 

'  The  sample  of  water,  on  evaporation  to  dryness,  left  45-22 
grains  of  residue  per  gallon,  dried  at  130°  C 

'  In  this  residue  I  found  by  direct  determination ' — 


Organic  and  volatile  matter  (including  -672  oxy- 

disable  organic  matter) 
Oxide  of  iron  and  alumina 
Phosphoric  acid 
Lime 
Magnesia 

Chloride  of  sodium 
Soda  . 
Potash 

Sulphuric  acid 
Nitric  acid  . 
Soluble  silica 

Carbonic  acid  (not  determined) 

The  water  further  contained  per  gallon — 

Free  (saline)  ammonia 
Organic  (albuminoid)  ammonia 


1-  27 
•28 
•13 

12-61 

•50 
7-44 

•63 
3-56 
9-99 

2-  24 
•42 


•630 
•042 


'  According  to  these  analytical  data,  the  composition  of  this 
sample  of  effluent  may  be  expressed  as  follows : ' — 
'  An  imperial  gallon  contains ' — 


Organic  and  volatile  matter  (including  •672  of  oxy- 

di  sable  organic  matter) 
Oxide  of  iron  and  alumina 
Phosphoric  acid 
Sulphate  of  lime  . 
Carbonate  of  lime  . 
Nitrate  of  lime 
Nitrate  of  magnesia 
Chloride  of  sodium 
Carbonate  of  soda 
Carbonate  of  potash 
Soluble  silica 


1^27 
•28 
•13 
16-98 
9-20 
1^35 
1-85 
7-44 
1-07 
5^23 
0^42 


Total  solid  constituents  (dried  at  130°  C.)    45-22  grs. 


Free  (saline)  ammonia 
Organic  (albuminoid)  ammonia 


•fiSO  of  a  grain 
•042  „ 


Appendix. 


'The  water  contained  a  few  flakes  of  suspended  matter, 
which  rapidly  settled  to  the  bottom  of  the  bottle  in  which  it 
was  received.  It  had  no  perceptible  smell,  and  was  free  from 
colour ;  the  residue  which  was  left  on  evaporating  the  water 
was  only  slightly  coloured  yellow.' 

'  The  sample  of  effluent  water  contains  but  little  organic 
(albiuninoid)  ammonia,  and  not  much  more  than  half  a  grain  of 
saline  ammonia  per  gallon.  From  this  sample  the  nitrogenous 
organic  constituents  of  raw  sewage  appear  to  have  become  oxy- 
dised  and  changed  into  nitrates,  to  a  very  large  extent.' 

Analysis  of  Dry  Powdered  Sewage  Manure^  from  the  WorJcs  at 
Coventry,  hj  Dr.  VoelcJcer,  Fehruary  27,  1875. 

Moisture     .......  7-43 

Organic  matter  and  water  of  combination  (containing 


nitrogen  1'38,  equal  to  ammonia  1'67)     .         .  26'45 

Phosphate  of  lime  ......  3*75 

Sulphate  of  lime    .         .   -     .         .         .         .  1*93 

Carbonate  of  lime  ......  11-46 

Oxide  of  iron       .         .         .         .         .         .  3-75 

Alumina     .......  7-98 

Alkaline  salts  and  magnesia       .         .         .  .2-75 

Insoluble  siliceous  matter          ....  34-50 


100-00 


Analyses  of  Sewage  Manure,  produced  hy  the  Coventry  'process  during 
experiments  made  in  1871  {previous  to  the  erection  of  the  Sewage 
Worlcs),  for  the  Corporation,  hy  Dr.  Voelcher  and  Dr.  Odling  on  three 
occasions. 


Constituents 

Dr.  Voelcker 

Dr.  Odling 

Moisture  

Organic  matter  

Bone  phosphate  

Other  mineral  salts  ..... 
Siliceous  matter  and  clay  .... 

12-01 
26-89 
2-60 
6-61 
51-89 

15-70 
31-86 
2-55 
10-33 
39-56 

20-16 
22-98 
2-20 
16-47 
38-19 

Total  .... 

100-00 

100-00 

100-00 

Ammonia  from  organic  matter  . 

1-39 

1-22 

1-44 
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'  According  to  Dr.  Voelcker,  the  two  samples  have  practi- 
cally the  same  commercial  value,  and  will  probably  find  a 
steady  sale  at  about  30s.  a  ton.^ ' 


Analysis  of  Coventry  Seivage,  tahen  April  8,  1874,  dmrvng  d/ry  weather. 


Superficial  area  of  flow 
in  square  incliea    .  . 

Estimated  flow  per  lioiu' 
in  gallons  

Containing  ammonia  by 
boiling  

Containing  ammonia  by 
potash  and  permang : 
solution  .    .    .    .  . 

Containing  chlorine  .  . 

Containing  residue,  com- 
bustible   

Containing  residue,  in- 
combustible .    .    .  . 

Total  parts  in  100,000 


Hours  at  whiclx  sewage  was  taken 

C  a.m. 

9  a.m. 

noon. 

3  p.m. 

6  p.m. 

9  p.m. 

285 

405 

480 

360 

360 

210 

37,500 
1-60 

67,500 
3-20 

80,000 
3-35 

60,000 
not 
determined 

60,000 
not 
determined 

35,000 
not 
determined 

•80 
4-00 

2-00 
6-00 

2-60 
12-00 

"  8-00 

6-00 

7-00 

32-00 

62-00 

60-00 

45-00 

not 
determined 

not 
determined 

28-00 
60-00 

38-00 
100-00 

50-00 
111-00 

30-00 
75-00 

}) 

>} 

Analysis  of  Manure,  prodiiced  from  Leeds  Sewage  hj  the  A.B.O. 
process,  by  Br.  YoelcJcer,  1875. 

Moisture 

Organic  matter  (containing  nitrogen  0"61,  equal  to 

ammonia  0"74) 
Oxide  of  iron  and  alumina 
Tribasic  phosphate  of  lime 
Carbonate  of  lime  . 
Sulphate  of  lime  . 

Alkaline  salts  and  magnesia  (containing  potash  0-77 

and  chloride  of  sodium  0*04) 
Insoluble  siliceous  matter  ..... 


15-  00 

18-77 

16-  09 

1-  51 
11-12 

0-89 

2-  78 
33-84 


100-00 


£    s.  d.       £    s.  d. 
Estimated  money  value  per  ton     .    0  16  8^ 
Market  value  of  one  ton      .         .    0    5    6   to   0    8    4 ' 

1  The  Sewage  Question,  p.  83. 

a  To  convert  parts  per  100,000  into  grains  per  gallon,  multiply  by  7  and 
then  move  the  decimal  point  one  place  to  the  left. 
»  Loc.  Gov.  Bd.  Rep.,  pp.  52  and  Ixiii. 
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Analysis  of  Effluent  Water  produced  at  Leeds  Permanent  Seioage 
WorTis  in  1875-76,  ly  the  Native  Guano  Company} 


'  Constituents  per  imperial  gallon : ' — 

Grains. 

Actual  or  saline  ammonia  .         .         .         .  1'207 

Ammonia  derivable  from  organic  matter  .  .  0'147 
Nitrogen  or  nitrates  •  ...  0*000 


1-354 


In  Solution. 

Carbonate  of  lime  and  magnesia  .  .  .  .  13'70 

Sulpbate  of  lime    .         .         .  .  .  .  14-28 

Sulphate  of  magnesia      .         .  .  .  .10-78 

Alkaline  sulphates .         .         .  .  .  .  3*99 

Chloride  of  sodium         .....  11-79 

Phosphoric  acid     .         .         .  .  ,  .a  trace 

Organic  matter     .         .         .  .  .  .  4-59 


Total  dissolved  ....  59-13 


In  Suspension. 

Organic  matter     ......  0-32 

Mineral      .......  0-22 


Total  suspended        ....  0-54 


« The  amount  of  oxygen  required  for  the  oxydation  of  the 
organic  and  other  oxydisable  matter  in  solution,  .was  1-28  gi-ain 
per  gallon. 

'  Under  the  microscope  the  suspended  (or  insoluble)  matters 
were  found  to  consist  of  amorphous  mineral  matter,  with  Ali- 
ments of  sewage  fungus  and  particles  of  vegetable  tissue. 

'  These  results  show  that  the  effiuent  water  is  a  good  sample 
of  defecated  sewage,  and  that  if  exposed  to  the  air,  instead  of 
being  corked  up  in  a  bottle  for  several  days  before  I  received  it, 
it  would  have  been  inoffensive  and  admissible  into  a  running 
stream  which  is  not  used  for  drinking  purposes.  It  fulfils,  in 
fact,  the  conditions  required  by  the  Conservators  of  the  Eiver 
Thames  for  the  effluent  water  which  is  admissible  into  the 
river  Thames  below  Teddington  Lock.' 

October  12,  1875.  H.  Letheby. 

^  DeBcription  of  the  Leeds  Sewage  Works,  &c. 
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Water-carried  Sewage. 


Analysis  of  d/ried  residuum,  produced  at  Leeds  Fermanent  Sewage 
Worlis  in  1875-76,  hy  the  Native  Guano  Gonvpany,  hy  Dr.  Voel. 


cher,  Jims  2,  1876. • 

Moisture     .......  24-53 

Organic  matter  and  water  of  combination      .         .  20-39 
Oxide  of  iron  and  alumina        ....  14-23 

Phosphate  of  lime  .         .....  1-66 

Carbonate  of  lime  .         .         .         .         .  .11-98 

Sulphate  of  lime    ......  1-88 

Allcaline  salts  and  magnesia  ,  .  .  .1*95 
Containing  -45  of  potash  and  insoluble  siliceous  matter  23*38 

100-00 


Containing  nitrogen  .....  -43 
Equal  to  ammonia  .....  -53 


The  following  analyses  are  taken  from  the  Eeports  of  the 
Eivers'  Pollution  Commissioners. 


Treatment  of  London  Setuage  by  A.B.G.  process.    Results  of  Analyses 
expressed  in  parts  per  100,000. 


Dissolved  matters 

Suspended  matters 

m 
to 

Sample 

olid  matte 
evaporatit 

B  carbon 

br, 
o 

•a 

u 

CS 

■a 

sn  as  nitn 
nitrites 

CD 

.a 

a  o 

O  bo 

o 

3  ° 
o  S 

rganii 

■a 

ce 
bo 
u 

o 

a 
1 

itrogi 
and 

otal  c 
nitro 

.a 

M 

O 

3 

■a 

u 
o 

.g 

■a 

3 
o 

o 

O 

H 

o 

o 

H 

London  sewage 

67-3 

3-614 

1-886 

5-418 

0 

6-348 

10-23 

10-30 

18-00 

28-30 

Effluent 

80-5 

2-257 

1-878 

6-086 

0 

6-890 

10-20 

traces 

traces 

traces 

Treatment  of  Leicester  Sewage  hy  A. B.O.  process.    Besults  of  Analyses 
expressed  in  parts  per  100,000. 


Dissolved  matters 

Suspended  matters 

Sample 

Solid  matters 

left  on 
evaporation 

II 

r 

o  bp 

|a 

•a 
■1 

Nitrogen  as 
nitrates 
and  nitrites 

Total  com- 
bined 
nitrogen 

a 

s 

'c 

Ef 
o 

3 

Sewage. 
Effluent 

111-0 
117-0 

3-745 
2-778 

•722 
-297 

1-  650 

2-  000 

•021 
•000 

2^102 
r944 

28-78 
2-30 

28-78 
3-82 

57-56 
6-12 

*  Description  of  the  Leeds  Sewage  Works,  &c. 
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'  A  large  volume  of  river  water  mixed  with  the  effluent,  hence 
the  favourable  results  shown  in  the  analysis.' 

Effect  of  the  A.B.C.  process  on  Leamington  Seivage.  Besults  expressed 

in  parts  per  100,000. 


Sample 


Raw  sewage 
Effluent  with- 
out filtration 


Dissolved  matters 


Suspended  matters 


<D  O 

>■ 

o  CJ 

:^ « 

o 


83-5 
94-3 


o 

^1 


00 


4-355 
2-803 


a 


•a 

03 

o 


•a 

o 


P  (D 

g  a 


2-890  5-971 
1-3344-460 


0) 


0 
0 


7-807 
5-172 


Chlorine 

Mineral 

Organii 

Total 

11-00 

96-24 

56-28 

152-52 

9-60 

6-68 

4-12 

10-80 

The  Leamington  manure  is  as  follows  : — 

Organic  matter  containing  18-15  parts  of  carbon  and 

1-55  part  of  nitrogen  . 
Ammonia  .  .  . 
Phosphoric  acid 

Clay  and  other  useless  mineral  matters 
Water 


Total  nitrogen  calculated  as  ammonia  =  2-05  per  cent. 
Although  said  to  be  saleable  at  U.  10s.  per  ton,  the  value 
assigned  to  it  at  that  time  was  32s.  per  ton. 


Treatment  of  Stroud  Sewage  loith  crude  Sulphate  of  Ahimina. 
Besults  of  Analyses  expressed  in  parts  per  100,000. 


Description 


Sewage  before  treat- 
ment 
After 


48-5 
63-6 


5 


2-289 
2-203 


•a 

£? 
o 


.3 


1-3303-152 
-692|2-276 

0 


m 

g-a 

O  ^3 


-044 


T3 

as 
■§  a 


Suspended  matters 


0 

3 


•0332-698 


970 15-]  5  27-85 


o 


1-88 


2-20 


o 


43-00 
4-08 
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Water-carried  Sewage. 


Analysis  of  EJfluent  Water  produced  from  Bolton  Sewage  hy  treahnent 
with  Marsden  and  GolUns'  process,  made  hy  Br.  H.  E.  Roscoe, 
F.B.8.,  Oivens  Gollege,  Manchester,  Becemher  27,  1873.' 

Grains  per  gallon.   Parts  per  100,000. 


Total  residue  . 

•  .  62-65 

...  89-5 

Loss  on  ignition 

5-25 

...  7-5 

Nitrogen  as  nitrites  and  nitrates 

.  0-23 

...  0-3292 

Free  ammonia  . 

.  1-75 

...  2-5 

Albumenoid  ammonia 

.  0-448 

...  0-64 

Chlorine 

.  4-20 

...  6-00 

Temporary  hardness  . 

.  16-2° 

Permanent  hardness  . 

.  20-0° 

Total 

.  36-2° 

'  As  regards  the  result  of  this  analysis,  it  appears  that  the 
water  as  compared  with  London  sewage  contains  about  half  as 
much  animal  refuse,  or  products  of  animal  decomposition.  As 
regards  the  inorganic  portion,  this  water  contains  considerably 
more  than  the  London  sewage .  does.  These  animal  impurities 
are  not  completely  got  rid  of  by  oxydation ;  and,  on  keeping, 
the  water  has  a  putrescent  smell.  It  cannot,  therefore,  be  said 
that  the  process,  whatever  it  may  be  that  the  sewage  has  under- 
gone, has  done  much  to  render  the  effluent  water  innocuous.' 


Analysis  of  Manv/re,  prod^iced  from  Bolton  Sewage  hy  Marsden  and 
Collins'  process,  hy  Br.  Yoelcher.^ 


Moisture 

Organic  matter  (containing  nitrogen  0-89,  equal  to 

ammonia  1-08) 
Oxide  of  iron  and  alumina 
Tribasic  phosphate  of  lime 
Carbonate  of  lime 
Sulphate  of  lime 
Alkaline  salts  and  magnesia  (containing  potash  0-64, 

and  chloride  of  sodium  0-08) 
Insoluble  siliceous  matter 


15-00 

31-82 
8-52 
1-49 

17-75 
1-27 

3-68 
20-47 

100-00 


Estimated  money  value  of  1  ton 
Market  value  of  one  ton  . 


.  ^ei  1  1 

7s.  to    0  10  6 


»  Loc.  Gov.  Bd.  Rep.,  pp.  41  and  kiii. 


A ppendix. 


195 


Savi2)le  of  Birmingham  Seivage.  The  average  of  one  weeWs  flow. 
Specific  Gh-avitij  =  1-0018.  BesuUs  of  Analysis  in  parts  per  100,000 
Oct.  4,  1876. 


Total  solid  residue  . 
Suspended  matters  . 
Consisting  of  mineral  matters 
And  organic  volatile  ditto 
Silica 
Copper 
Zinc 

Peroxide  of  iron 
Alumina  . 
Lime 

Chloride  of  sodium 
Chloride  of  potassium 
Phosphoric  acid 
Sulphuric  acid 
Chlorine 
Ammonia  (free) 
Ditto  (albuminoid) 
N'eutral  to  test  papers 
Hardness=26-5  grains  carbonate  lime  per  gallon. 


168-00 
85-20 
53-66 
20-21 

26-  10 
trace 
trace 

18-  60 
1-60 

19-  44 
61-77 

1-23 
-851 
3207 

27-  02 
3-30 
1-75 


Sample  of  Birmingham  Effluent  Sewage,  after  having  been  limed. 
Atogust,  1 876.    Besults  of  Analysis  in  parts  per  100,000. 

Total  solid  residue  . 
Lime 

Sulphuric  acid 
Chlorine 
Free  ammonia 
Albuminoid  ammonia 
Organic  carbon 
Organic  nitrogen 
Nitrogen  as  nitrates  and  nitrites 
Total  combined  nitrogen 
Appearance,  quite  clear 
Action  on  test  paper,  alkaline 
Smell,  none 


82-00 
23-80 
25-88 
16-60 

3-  20 
-06 

1-973 
1-804 
none 

4-  484 


0  2 
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Water-carried  Sewage. 


Analyses  of  the  Sewage  of  Wimbledon,  the  e-ffluent  water  and  the  residue 
produced  hy  treatment  ivith  mile's  process,  hy  Br.  Letheby,  Nov. 
9th,  1871.1 


The  constituents  per  imperial  gallon  were  as  follows  : — 


Eaw  Sewage. 
Oct.  18th,  1871 

Effluent  Water. 
Oct.  18th,  1871 

Aniniouia  per  gallon 

„      obtainable  from  organic  matter 
Oxygen  required  by  oxydisable  matter 
Nitrogen,  as  nitrates  and  nitrites 

Grains. 

6-440 

0-  472 

1-  733 
0-000 

Grains. 

2-560 
0-085 
0-265 
0-054 

Soluble  matter  per  gallon 

of  which  chlorine 

„       organic  matter  . 
„       mineral     „  • 

47-73 
6-13 
12-42 
24-31 

67-00 
13-83 
2-69 
63-31 

Suspended  7natter,  per  gallon 

of  which  organic  matter  . 
„      mineral  ditto 

136-18 
61-28 
75-60 

0-00 
0-00 
0-00 

The  solid  residue  from  these  operations  had  the  following  percentage 
composition,  when  dried  completely  at  a  temperatui-e  of  240°  Fah.  : — 

Sample  No.  1. 
Got.  18th,  1871 

Sample  No.  2. 
Oct.  25th,  1871 

Organic  matter,  &c.  (Loss  by  Incineration)  . 
Phosphate  of  lime  (insoluble) 
Carbonate  of  lime  and  magnesia 
Silica  and  alumina  and  oxide  of  iron 

32-67 
5-82 
32-33 
29-18 

15-49 
8-64 
10-17 
65-70 

Total  .... 

100-00 

100-00 

Nitrogen  in  the  organic  matter 

Equal  to  ammonia  .... 

1-181 
1-434 

0-799 
.  0-970 

1  Sewage  disinfecting  and  filtration  process,  by  F.  Hille,  1876. 
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Analysis  of  Effluent  Water,  obtained  from  Leeds  Sewage  hy  Hanson^ s 
process,  hy  Mr.  Thomas  Fairley,  BorougJi  Analyst,  April  1, 1876.^ 

Grains  per  gallon. 
Mineral  matter,  consisting  of  chlorides,  salts  of  lime, 


magnesia,  alkalies,  &c.  ....  42*24 
Volatile  organic  matter       ....  3*68 


Total  dissolved  solid  matter  .  .  45-92 


Containing  chlorine  ....  4-62 

Equivalent  to  common  salt  .  .  .7*79 

Containing  ammonia  ....  0'40 


,,       albuminoid  or  organic  ammonia       .  0'14 
Corresponding  to  nitrogenous  organic  matter  about   .  1-40 


Analysis  of  residuum,'  obtained  from  treatment  -  of  Leeds  Seivage  hy 
Hanson's  process,  by  Br.  Voelcker,  Jwne  2,  1876.^ 


Moisture      .  .  . 

Organic  matter  and  water  of  combination 
Oxide  of  iron  and  alumina  . 
Phosphate  of  lime 
Carbonate  of  lime 

Sulphate  of  lime      •  .  .  .  . 

Alkaline  salts  and  magnesia  (containing  -26  of  potash) 
Insoluble  siliceous  matter 


Containing  nitrogen 
Equal  to  ammonia 


23-17 
20-38 
12-28 
•98 
26-86 
4-21 
2-63 
9-49 

100-00 

•45 
•55 


Analysis  of  Effluent  Water,  obtained  from  experiment  with  Leeds  Seivage 
by  GoodalVs  process,  by  Mr.  Fairley,  February,  1874.' 


I 

Per  cent. 


Mineral  matters,  consisting  of  chlorides,  salts  of  lime, 

magnesia,  alkalies,  &c.  ....  40-75 
Volatile  and  organic  matter  ....  9-72 


Total  dissolved  solid  matter  .  .  50-47 

'  Description  of  Leeds  Sewage  Works,  &c.. 
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Water-carried  Sewage. 


Containing  chlorine  .....  7*93 

Equivalent  to  common  salt  ....  13'11 
Containing  ammonia           ....  0-574 

„       albumenoid  ammonia      .  .  .  0-30 

Equivalent  to  nitrogenous  organic  matter  about       .  3*00 


Analijsis  of  undried  residuum,  obtained  from  eayperionent  with  Leeds 
Seivage  by  GoodaWs  process,  by  Mr.  Fairley,  February,  1874.' 


Moisture     .  .  .  .  .  .  68-95 

Organic  matter        .  .  .  .  .5-65 

Phosphate  of  lime    .  .  .  •        .  .  6-40 

Sulphate  of  lime      .  .     •     .  .  .  2-38 

Carbonate  of  lime    .  .  .  .  .2*90 

,,      of  magnesia        .  .  .  .3-04 

Oxide  of  iron  .....  2-07 

Alumina,  alkalies,  &c.         .  .  .  .0-12 

Siliceous  matter       .....  8*40 


100-00 


Containing  nitrogen  .  .  .  .0-13 

Equivalent  to  ammonia       .  .  .  .  0*156 


Analysis  of  Manure  produced  at  the  Tottenham  Sewage  WorJcs,  hy 

Campbell's  process.^ 

Moisture      .          .          .          .  '         .          .  19-04 
Organic  matter  (containing  nitrogen  1-2,  equal  to 

ammonia  1-45)    .....  15-26 

Precipitated  phosphate  of  lime         .          .          .  23-14 

Insoluble  phosphates           ....  3*80 

Svdphate  and  carbonate  of  lime  and  lime  uncombined  19-25 

Alkaline  salts  and  magnesia                                .  3-14 

Insoluble  matter      .....  16-37 


100-00 


^  Description  of  Leeds  Sewage  Works,  &c. 

2  From  Paper  by  Mr.  SlieKord,  Proc.  Inst.  O.E.,  vol.  xlv. 
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Analyses  of  Effiuent  Waters  Produced  hj   Treatincj  Seivage  loith 

GamrpbeWs  Process} 


Experiment 

Nov.  22, 

1873 
per  cent. 

Jan.  18, 

1874 
per  cent. 

April  10, 

1874, 
per  cent. 

March  12, 

1875, 
per  cent. 

Mineral  matter  in  solution  . 
Organic            „       .       .  . 

41-76 
6-92 

35-52 
15-04 

38-72 
13-44 

46-40 
10-56 

Total  solid  constituents  per  gal- 
lon in  grains  .... 

47-68 

50-56 

52-16 

66-96 

Free  ammonia  .... 
Organic  nitrogen  .... 
IMineral  matter  in  suspension 
Organic            „       .       .  . 

2-962 
0-217 
none 

4-02 

0-3488 

none 

5-03  • 

0-2406 

none 

4-34 
0-27 
none 

Treatment  of  Sewage  at  Leicester  and  BlacMurn  with  Lime.  Besults 
of  Analyses  Expressed  in  Parts  per  100,000.^ 


CO 

m 

d 

Q> 
♦3 

eg 

S  uspended  matters 

a 

s> 

l-t 

4^  m 

GJ 

•a 

Description 

a  2 

0 

nitro] 

tt  as  n 
nitrit 

mbinf 
gen 

Total  sc 
in  SI 

Organic 

Organic 

Ammon 

Nitroge: 
and 

Total  CO 
nitro 

Mineral 

Organic 

Total 

Leicester     -  sewage 

107.5 

2-017 

•809 

2-083 

0 

2-624 

10-50 

11-62 

22-12 

After  treatment 

85-9 

1-614 

■462 

2-652 

0 

2-553 

12-10 

4-70 

16-80 

Blackbui'n  sewage 

59-7 

4-103 

-460 

1-426 

0 

1-634 

13-38 

28-30 

41-68 

After  treatment 

66-0 

2-619 

-412 

1-966 

0 

2-022 

6-34 

6'-98 

13-32 

Analysis  of  Manure,  produced  from  Sewage  of  Bradford,  ly  Lime 
Treatment,  hy  Br.  VoelcJcer.^ 
Water         ,  .  .  .      "    .  .  15-00 

Organic  matter  (containing  nitrogen  0-67,  equal  to 

ammonia  0-81)     .  .  .  ,  .36-44 

Oxide  of  iron  and  alumina  .  .  .  .3-77 

'  Paper  by  Mr.  Shelford,  Proc.  Inst.  O.E.,  vol.  xlv. 

First  Rep.  Riv.  Pol.  Com.,  1868,  p.  52. 
'  Loc.  Gov.  Bd.  Rep.,  pp.  44  and  Ixiii. 
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Water-carried  Sewage. 


Tribasic  phosphate  of  lime  ....  S-S-t 
Carbonate  of  lime  .....  27'3(i 
Sulphate  of  lime  .....  2'36 
Alkaline  salts  and  magnesia  (containing  potash  0*77 

and  chloride  of  sodium  0'52)        .  .  .  3*52 

Insoluble  siliceous  matter     .  ,  .  .8-21 


100-00 


Estimated  money  value  of  one  ton  £10  1 

Market  value  of  one  ton       .        £0    6    8  to  agO  10  0 


Analyses  of  Hertford  Sewage  and  Effluent  Water  Produced  by  Lime 
and  Chloride  of  Lime  Treatment,  November,  1867.' 


Constituents  per  gallon 

Kaw  sewage 

Effluent  water 

Grains 

Grains 

Matters  in  solution  '  . 

25-00 

28-33 

Organic  matter     .  . 

2-50 

1-25 

Ammonia  

0-343 

0-457 

„       organic  .... 
Nitrogen  as  nitrate 

0-480 

0-560 

0-026 

0-091 

Oxygen  required  to  oxj^dise  . 

0-296 

0-281 

Matters  in  suspension  . 

1-42 

0-43 

Organic  matter  .... 

0-72 

0-17 

Mineral    „  .... 

0-70 

0-26 

Analyses  of  Effluent  Water  from  Hertford  Sewage  treated  with  Lime.^ 


Parts  per  million 

Grains  per  million 

Free 
ammonia 

Albumenoid 
ammonia 

Total  alkali- 
nity as  caustic 
soda 

Solid  residue 

1875 

April  19 
May  23 

July  2  .... 
August  20  . 
September  23 
October  18    .  . 
1876 

May  10  ... 

2-244 
2-05 

2-  335 

3-  35 
3-35 

3-  75 

4-  05 

1-175 

1-225 

1-175 

1-225 

1-15 

1-1 

1-75 

16-2 
15-4 
15-4 

14-  0 
13-3 

15-  4 

15-4 

28-  7 

29-  2 
27-3 

26-  8 

27-  9 

28-  3 

29-  4 

'  In  no  case  "did  the  effluent  water  contain  suspended  mat- 


ter. In  all  cases  the  effluent  had  a  very  slight  taste  of  lime, 
but  had  no  perceptible  odour.' 

1  The  Sewage  Question,  p.  60.  '  Soc.  Arts,  p.  108. 
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The  following  are  taken  from  The  Eivers'  Pollution  Com- 
missioners' First  Eeport,  1868  : — 


Treatment  of  Northampton  Sewage  with  chloride  of  iron  and  lime. 
Results  expressed  in  parts  per  100,000. 


S2 

a 

IS 
tu 

s 

03 

Suspended  matters 

Description 

Total  solid  ma 
in  solution 

0 

ja 

M 
c3 
u 

0 

1 

60 
M 

bo 
0 
t-i 

•a 

a 
1 

0 

•a 

Nitrogen  as  nit 
and  nitrites 

Total  combine( 
nitrogen 

U 

a 

1 

0 

f— 1 

C3 
+3 
0 

H 

Sewage  before  treat- 
ment 
After .  . 

88-0 
88-5 

3-700 
1-845 

2-859 
1-779 

6-000 
5-000 

•000 
-000 

7-800 
5-897 

66-72 
-92 

16-40 
0-04 

83-12 
-96 

Baw  and  Effluent  Sewage,  Lodge  Farm,  Barhing.    Bestdts  expressed 

in  parts  per  100,000. 


S 

CO 

tu 

Suspended  matters 

Sample 

lid  matte 

carbon 

nitroger 

as  nitra 
itrites 

mbined 
en 

Total  so: 

Organic 

Organic 

Ammoni 

Nitrogen 

and  ni 

Total  CO 
nitrog 

Mineral 

Organic 

Total 

Sewage  . 

112-50 

12-182 

3-664 

4-000 

0 

6-958 

Effluent  . 

79-25 

1-366 

•329 

•800 

2-955 

3-943 

Baw  a/nd  Effluent  Sewage,  Banhury.    Besults  of  analyses  expressed  in 

parts  per  100,000. 


S 

cl 

rates 

Suspended  matters 

Organic  nitroge 

Sample 

Total  solid  ma 
in  solution 

Organic  carbor 

Nitrogen  as  nit 
and  nitrites 

Ammonia 

Total  combinec 
nitrogen 

Chlorine 

Mineral 

Organic 

Total 

Sewage 

111-5 

6-24G 

2-764 

-000 

13-590 

13-956 

3-90 

8-62 

Effluent 

70-9 

2-241 

-549 

-000 

2-282 

2-428 

13-25 
* 

•52 

•84 
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Water-carried  Sewage. 


Ilaiv  and  Effitient  Sewage,  Bughy.    Results  of  analyses  expressed  in 

parts  per  100,000. 


e 

s 

Suspended  matters 

.a 

a 
o 

a 
u 

,Q 

2 

Sample 

Solid  matt< 
solution 

Organic  ca 

Organic  nil 

Nitrogen  as 
and  nitril 

Ammnnift. 

Tota, 

1  combi 
nitrogen 

Chlorine 

1 

O 

.5 

1^ 

Organic 

Total 

Sewage 

52-60 

5-505 

2-322 

■000 

7-276 

8^314 

8-25 

3-48 

8-96 

12-44 

Effluent  . 

68-20 

1-526 

•164 

•000 

•420 

-510 

10-50 

■  -88 

•36 

1-24 

Baw  and  Effluent  Setvage,  Bedford.    Besults  of  Analyses  expressed  in 

pa/rts  per  100,000. 


Suspended  mattere 

1— » 

5 

a 

bo 

5 

0 

H 

13-26 

13-14 

26-40 

0 

0 

0 

Sample 


Sewage 

r.M. 
Effluent 


at  4.45 


■a  s 
I- 

o 


74-8 
76-8 


d 
o 
.a 


bo 


2-732 
575 


•a 

o 

■3 

a 
to 


•668 
•163 


■^1 


•000 
•398 


03 

"3 

o 

a 


2-7002 
023 


o 


891 
580 


O 


7-15 


Baio  and  Effluent  Sewage,  Nonvood.     Besults  expressed  in  paHs 

per  100,000. 


Sample 


Sewage  . 
Effluent . 


"■43 

■a  0 

-.J 
o 
H 


117-80 
83-10 


o 
•A 


5-407 
1-294 


bo 


2-294 
184 


■3  S 

P  d 


•000 
•381 


n 

o 


8^970 

966 


0) 

II 


9^681 
1^360 


8^87 
8^87 


Suspended  matters 


a 


4-08 

trace 


c 
cS 
bo 


14-96 
trace 


5 


19-04 
trace 
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Jtaxo  and  JJjffiuent  Sewage,  Croydon.  Results  of  Analyses  expressed  in 

parts  per  100,000. 


Sample 


Sewage 
Effluent 


■5  g 

■■a  ° 

O  CO 

•a '9 

o 
H 


48-0 
45-0 


a 
0 

trogen 

i  nitrates 
rites 

u 

0 

•S  a 

a 
'  2 

'a 

'3 

i 

'3 

0 

Nitrogen  as 
and  niti 

il  coml 
iiitrogc 

£? 
0 

u 
0 

-< 

0 
H 

2-882 

1-269 

2-700 

0 

3-493 

•772 

-076 

•530 

-678 

1-190 

3 
o 


4-30 
2-95 


Suspended  matters 


3-80 
trace 


•a 

o 


10-80 

trace 


o 
H 


14-60 
trace 


Analyses  of  effluent  waters  during  frosty  weather  call  forth 
the  following  remark  from  the  Commissioners :  '  The  frost 
was  by  no  means  severe,  yet  the  organic  nitrogen  rose  from  '098 
to  '419  per  100,000  parts  of  effluent  water,  showing  that  the 
removal  of  offensive  nitrogenous  organic  matter  was  partially 
arrested,  and  indicating  that  during  a  severe  winter  the  piuifica- 
tion  of  sewage  upon  a  non-absorptive  clay  soil  may  be  seriously 
interfered  with.'  The  Commissioners  also  state  that :  '  It  is 
difficult  to  account  for  the  emission  of  exceptionally  impure 
water  from  the  Norwood  farm  at  other  periods  of  the  year,  but 
it  probably  arose,  in  some  cases  at  least,  from  unpuiified  sewage 
gaining  access  to  the  drains  through  cracks  in  the  soil.' 


Raw  and  Effluent  Seivage,  Warwick,  1869.    Results  expressed  in 

parts  per  100,000. 


to 

s 

Suspended  matters 

a 

g 

to 

OS 

•d 

Sample 

lid  m 
ution 

M 

a 
0 

0 

u 
'r 

asni 
trites 

mbin 
3n 

(A  0 

a 

g-a 

"c 

a 

0 

Total 
in  £ 

Organ 

Organ 

11 

ATTlTTin 

Total 
nitr( 

Chlori; 

Miner! 

Organ 

Total 

Sewage 

66-90 

5-133 

1-680 

-000 

2-439 

3-689 

6-30 

2-64 

3-36 

6-00 

Effluent  . 

66-10 

1-454 

-175 

-137 

•839 

1-003 

8-18 

trace 

traco 

ti-ace 
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Water-carried  Sewage. 


Eaw  and  Effluent  Sewage,  Worthing,  1869.  Results  expressed  in  parts 

per  100,000. 


Sample 


Sewage 
Effluent 


a  « 

p 


o 
H 


57-6 
59-8 


d 

o 


1 
bo 


2-312 
1-324 


g 
o 


2-021 
-334 


=1 

a  a 


-000 
-284 


3-717 
591 


-s 

Suspended  matters 

1 

lg 

°2 

.a 

3 

1 

|-a 

3 
o 

O 

o 

5-082 

10-75 

1-86 

4-74 

6-60 

1-069 

11-00 

trace 

trace 

trace 

Baio  and  Effluent  Sewage,  Edmlicrgh.    BesiiUs  of  Analyses  expressed 

in  parts  per  100,000.^ 


,tters 
1 

a 

Organic  nitrogen 

trates 

Suspended  matters 

Date  and  number  of 
sample 

CO 

to  a 

•a-s 

O 

H 

o 

t 

o 

'B 

ho 
u 
O 

_g 

a 
o 

a 
1 

*ri  ^ 
W  -♦-» 

a -a 

o  g 

O 

■.g  0 
§  s 

o 

■a 

a 

a 

1 

60 

O 

"3 
■.J 
o 
H 

No.  1,  April  16, 1869 

2  !)  J, 

3  „  „ 

62-20 
65-50 
61-60 

6-106 
4-797 
3-340 

3-613 
2-086 
•682 

9-510 
10-579 
1-989 

0 
0 
0 

11-445 
10-798 
2-320 

11-32 
9-76 
1-28 

28-08 
16-64 
4-24 

39-40 
26-40 
5-52 

No.  4,7Vprill7,  1869 

55-00 
54-80 

5-061 
4-061 

2-842 
1-988 

7-865 
3-100 

0 
0 

9-319 
4-541 

28-72 
5-56 

29-88 
7-40 

68-60 
12-96 

Nos.  1,  2,  and  4  are  Sewage  as  it  poiired  on  to  the  land.    Nos.  3  and  6  are 

Sewage  as  it  came  off  the  land. 


1  Loc.  Gov.  Bd.  Kep.,  p.  78. 


INDEX. 


ABC 

AB.  C.  process,  U,  60,  68,  84,  123, 
.     181,  191 
Aberdeen,  146;  outfall  sewer  at,  178 
Abergavenny,  165 
Abemethy,  Mr.,  175,  178 
Abingdon,  156 
Acton,  184 
Adderley,  Sir  C,  74 
Admiralty  pier,  Dover,  173 
Africa,  coast  of,  175 ;  unhealthiness 
of,  175 

Agricultiiral  experiments,  93 

Aldershot  camp,  147 

Alkalinity,  tendency  of  to  pixtrefac- 

tion,  25 
Alnwick,  158 
Alton,  72,  165 
Altrincham,  13,  28,  31,  110 
Alt  river,  125 
Alum,  88,  180 

Aliunina,  phosphate  of,  54 ;  salts  of, 
36  ;  sulphate  of,  57,  73, 76  ;  process, 
84 

Analyses,  187 

Appendix,  187 

Archley  fort,  Dover,  173 

Ardi-ie,  182 

Ardrossan,  179, 182 

Arran,  isle  of,  179 

Ashes,  60,  68,  105,  134 

Ashby-de-la-Zouch,  139,  165 

Asniferes,  95 

Atherton,  165 

Austin,  Mr.,  171 

Avon,  river,  37,  120 

Aylesbury,.  54 


BACUP,  165 
l5alsall  Heath,  72 
Banbiuy,  13,  28,  31,  81,  111,  165  ; 

sewage,  201 
Barking,  20,  31,  54,  101,  148,  152; 
sewage,  201 


BRI 

Barnes,  184 
Barnes  farm,  153 
Barrhead,  182 
Basle,  101 

Bateman,  Mr.,  179,  181 
Bazalgette,  Mr.  C.  N.,  19 
Bazalgette,  Mr.,  179,  181 
Bazalgette,  Sir  J.,  17,  75,  184 
Beads,  Mr.  Councillor,  131 
Beckenham,  183,  185 
Beddington  farm,  115,  117 
Bedford,  13,  15,  28,  31,  108  ;  sewage, 

202 
Bexley,  183 
Bilston,  165 
Bird's  process,  56,  82 
Birkenhead,  85 

Birmingham,  30,  35,  71,  73 ;  sewage 
enquiry,  7,  22;  sewage,  analysis 
of,  195 

Bishop  Auckland,  166 

Bishops  Stortford,  13,  28,  31,  109 

Blackash,  67 

Blackburn,  14,  15,  29,  31,  72,  130; 

sewage,  199 
Blackwater,  the,  147 
Bljiihe's  process,  63 
Bodmin,  139 
Bolton,  30,  48,  60 
Bow  Creek,  86,  159 
Bradford,  30,  62,  76,  166 
Braintree,  139 
Bramley  Union,  63 
Brentford,  184 
Brescia,  94 

Bridgewater,  Duke  of,  146 

Brighton,  25,  30,  176  ;  cost  of  dispos- 
ing of  sewage  at,  179  ;  means  for 
ventilating  sewers  at,  178;  sewage, 
complaints  against,  178 ;  sewers, 
183  ;  sewerage  works,  177  ;  doubt 
as  to  success  of,  177 

British  Association,  119 

British  Land  Company,  168 
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Index. 


BRO 

Broadmoor  Lunatic  Asylum,  31,  160 
Bromley,  76,  183 

Brussels  International  Congress,  21 

Burnley,  35 

Burton-iipon-Trent,  76 

Bury  St.  Edmunds,  31,  140,  166 

Btisby,  182 

Bute  islands,  182 

Buxton,  165 


CADIZ,  Bay  of,  174;  unhealtliiness 
of,  174 

CiEsar,  174 

Calcium,  sulphide  of,  67 

Calverley  Brook,  137 

Campbell,  Mr.,  107 

Campbell's  process,  65 

Campbelltown,  unhealthiness  of,  175 

Canterbury,  166 

Carbolate  of  lime,  152 

Carbolic  acid,  81,  85,  169 

Carbon,  60,  68 

Carlisle,  91,  152 

Carnarvon,  173 

Carnarvonshire,  183 

Carpenter,  Dr.,  20,  23,  116 

Carrington  moss,  110 

Carshalton,  185 

Cattle,  22 

Cement,  General  Scott's,  35,  75 
Chalk,  143 

Chalmers  Morton,  Mr.,  22,  147 

Charcoal,  57,  80,  84,  109, 141,  146,  161 

Charlton  Kings,  106 

Cheam,  185 

Chelmsford,  153,  167 

Cheltenham,  13, 15,  20,  28,  31,  56,  71, 

81,  87,  105,  106,  167 
Chemical  treatment,  2,  33  ;  does  not 

remove  all  fertilising  elements,  9  ; 

necessity  for,  102 
Chertsey,  184 
Cherwell,  111 
Chester,  78 
Chesterfield,  167 
Chiaja,  174 
Chislehirrst,  183 
Chiswick,  184 
Chloride  of  lime,  85 
Chorley,  28,  31,  119 
Cicero,  grotto  of,  174 
Clark,  Dr.,  70 
Clay,  62,  180 
Clifton,  87 
Cliftonville,  177 
Climate  for  irrigation,  93,  94 
Clipston,  145 
Clyde,  Firth  of,  180,  181 


DON 

Clyde,  the,  179,  180;   pollution  of, 

182;  purification  of,  17,  IS 
Coal  diist,  62 
Coatbridge,  182 
Cocoa  matting,  161' 
Coke,  161 

Coke,  filtration  through,  81 
Cole,  Sir  Henry,  2 
Colnbrook,  184 
Colne,  river,  170 

Combination  of  systems  necessary, 
6,  24  ;  proposed  for  sewage  pur- 
poses, 184 

Combined  systems,  10 

Compensation,  74 

Confervoid  growth,  9 

Congreve,  Mr.,  107 

Corfield,  Professor,  63 

Cost  of  treatment  to  be  minimised,  2 

Coventry,  29,  30,  35,  37,  81,  158,  1C7; 
irrigation  at,  38 ;  manure,  187, 189 ; 
value  of,  187 ;  process,  57  ;  cost  of, 
36,  40;  sewage,  analysis  of,  190; 
town  council,  42 

Cox,  Colonel,  138,  185  ;  recommenda- 
tions of,  for  Thames  Valley,  185; 
report  of,  on  Thames  Valley,  185 

Craigentirmy  meadows,  154 

Craj^ord,  183 

Crays,  183 

Crewe,  14,  29,  31,  136 
Croal  river,  60 

Crookes,  Mr.,  9,  18,  19,  24,  56 
Crops,  116  ;  used  for  dairy  purposes, 
101 

Crossby  sands,  158 
Crossness,  47,  181 

Croydon,  15,  20,  23,  28,  31,  87,  91, 
115,  167;  sewage,  203;  sewage 
farming  company,  116 

Cumbrfe  island,  182 

Currents,  action  of  on  sewage,  173 


DALE'S  process,  87 
Dantzic,  94,  95 
Dartford,  183 
Darwen  river,  84,  130 
Datchet,  184 
Dee  river,  78 
Deer  park,  158 

Denton  Baile}^  Mr.,  16,  17,  126,  162 

Depaire,  M.,  21 

Dimsdale's  process,  87 

Discharged  into  the  sea,  172  ;  imsatis- 
factory,  172  ;  uncertain,  172  ;  ex- 
pensive, 172 ;  wasteful,  172 

Disease,  24 

Doncaster,  14,  28,  31,  114 


Index. 
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DON 

Don  river,  114^ 
Dover,  173 
Dredging,  26 
Diunbarton,  182 


EACHUS,  Mr.,  59  - 
Ealing,  78,  167,  184 
East  Barnet,  139, 168 
Eastbourne,  183 
East  Wickham,  183 
Eden  river,  153 

Edinburgh,  91, 107,  154;  sewage,  201 : 

stench  at,  175 
Edmonton,  58,  158 
Eggar,  Mr.,  147 
Egham,  184 
Ely,  167 

Enfield,  63,  140,  168  ;  Chemical 
Manm'e  and  Irrigation  Companj^, 
141 

Epsom,  29,  31,  134,  185 
Erith,  183,  185 
Esher,  184 
Essex,  Earl  of,  160 
Estienne,  M.,  70  ' 
Eton,  29,  31,  137,  184 
Ewell,  185 
Excreta,  value  of,  1 


FAREHAM,  168 
Farland  Head,  181 
Farmyard  maniu'e,  6,  8 
Filter,  coarse  shingle,  165 ;  ashes, 
166;  ballast,  167;  broken  stones, 
165,  170;  burnt  gravel,  168;  char- 
coal, 165,  166,  167,  168,  170  ;  cocoa 
matting,  170;  coke,  165,  166,  169; 
elm  boards  and  gravel,  &c.,  169 ; 
gravel,  165,  166,  167,  169,  170; 
gypsum,  166;  metal  plates,  167; 
pebbles,  165 ;  sand,  167 ;  straw, 
165,  166  ;   wickerwork,  165 
Filters,  choking  of,  163 
Filtering  beds,  112 
Filtration,  33,  36,  77,  109,  140,  141, 
161,  163  ;  abandoned,  168  ;  action 
of  earth  in,  164  ;  auxiliary  to  ir- 
rigation, 164 ;  difficulties  of,  163  ; 
experiments  of  R.  P.  Com.'s  in,  163  ; 
failure  of,  164,  166,  167,  169,  170, 
171 ;  impracticability  of,  164 ;  la- 
teral, 168  ;  mechanical,  170  ;  nui- 
sance from,  164, 165, 167, 170 ;  non- 
success  of,  164;  of  crude  sewage, 
164;  risk  from,  164;  R.  P.  Com.s' 
report  on,  167;  suitable  for  weak 


HAS 

sewage  and  effluent  waters,  164  ; 
through  chalk,  163  ;  tlu-ough 
charcoal,  163 ;  through  coke,  81 ; 
through  flint  stones,  143  ;  through 
gravel,  85,  163  ;  through  iron  ore, 
87  ;  through  sand,  163 
Flanders,  93 

Flower,  Capt.,  9,  60,  63,  71,  81,  83,  99, 
144 

Flushing  sewers,  2 
Forbes,  Mr.,  54 
Frankland,  Dr.,  16,  17,  19 
Fuel  from  sludge,  35 
Fulda's  process,  62 


GAS  from  sludge,  35 
General  conclusions,  1 
General  Sewage  and  Manure  Com- 
pany, 36,  39,  43 
Gennevilliers,  21,  94;  irrigation  at, 
94 

Giovanna,  Queen,  174  ^ 

Glasgow,  25,  179,  182;  sewage,  cost 
of  casting  into  sea,  182  ;  cost  of 
disposing  of,  180 ;  cost  of  dealing 
with  by  precipitation,  181 ;  filtra- 
tion inapplicable,  180;  irrigation 
impracticable,  180 ;  quantity  of 
manure  from,  181 ;  nuisance  from, 
179  ;  outfall  sewer  for,  182  ;  preci- 
pitation of,  180 ;  precipitation,  sug- 
gested by  Sir  J.  Hawkshaw,  180 

Goodall's  process,  68 

Gourock,  182 

Graham,  Mr.,  70 

Grantham,  59,  168 

Gravel,  80,  83,  85,  109,  115,  127,  141, 
143 

Gravitation,  105,  129,  133,  134,  137, 

142, 185 
Greenock,  182 


HAEMATITE,  Red,  67 
Half-a-dozen  sewage  farms,  22 
Halifax,  82 
Halliford,  184 
Hamilton,  182 
Hampton,  184,  186 
Hampton  Wick,  184 
Hanson's  process,  67 
Hanvey,  Mr.,  173 
Harborne,  79,  168 
Harpur,  Mr.,  17 
Harrogate,  14,  29,  31,  132 
Harrow,  141 

Hastings,  48  ;  stench  at,  175 
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HAT 

Hatfield,  141 

Havana,  174  ;  unhealthiness  of,  174 
Hawkshaw,  Sir  J.,  17,  18,  180;  Com- 
mission on  Pvirification  of  Clyde, 
180 

Hawksley,  Mr.,  73,  75,  76 
Hayes,  183 
Hayter,  Mr.,  176 
Health,  2 

Heathcota  farm,  123 
Heisch,  Professor,  56 
Helensburgh,  182 
Hersham,  184 

Hertford,  5,  55,  71,  82  ;  sewage,  200 

Heston,  184 

Higgs,  Mr.,  70 

Higgs's  patent,  85,  87 

Hille's  process,  58 

Hitchin,  84 

Hofmann,  Dr.,  3 

Holden's  process,  62 

Home  Secretary,  the,  131 

Hoole,  141 

Hope,  Colonel,  10,  63,  142 
Hops,  76 
Horton,  184 
Hounslow,  184 
Humber,  the,  159 
Humphreys,  Mr.,  173 
Hurstpierpoint,  168 


INDIA,  93 
Injunction,   114,  115,  119,  123, 
125,  126,  130,  133,  161,  170 
Institution  of  Civil  Engineers,  19 
Intercepting  sewers,  179 
Intermittent  dovmward  filtration,  16 
17,  19,  104,  112,  126,  152,  162,  170 
Ipswich,  stench  at,  175 
Iron,  chloride  of,  treatment,  injunction 
against,  87;  perchloride,   60,  81, 
82,  87;  ore,  87;  salts  of,  87 ;  ses- 
qui-persulphate  of,  68  ;  sulphate  of, 
62,  87  ;  too  expensive,  87 
IiTigation,  2,  10,  63,  89,  161,  180; 
abandoned,  13 ;  additional  land 
for,  11  ;  advised  by  Elvers'  Pollu- 
tion Commission,  97 ;  advocates  of, 
97 ;    agricultm-al    aspect  of,  20, 
89,   146,    150;    at  Birmingham, 
74 ;    at   Dantzic,   94 ;   at  Paris, 
21,    94 ;    only  partial,  94 ;  care- 
less instance  of,  154  ;  cause  of  fail- 
ure, 91 :  change  of  land  necessary 
for,  23  ;  clay  land  not  suitable  for, 
21,  90 ;  climate  for,  93  ;  conditions 
favourable  to,  90,99,  106,110,  111, 
121,  125,  129  ;  conditions  necessary 


IRR 

to  success  of,  11 ;  conditions  un- 
favourable to,  119,  120,  129 ;  costly 
instance  of,  131 ;  cost  of,  13,  21,  26, 
28, 130, 150 ;  di.sregarded,  97  ;  crops 
grown  under,  100;  desirability  of 
not  discussed,  98 ;  did  not  answer, 
158;  difficulties  of,  15,  89,  100, 
138  ;  disease  not  traced  to,  24 ; 
disposal  of  produce,  difficultyin,  21, 
22,  26;  does  not  pay,  161;  draw- 
backs to,  12,  14;  English  climate 
not  suited  for,  93,  94 ;  expenditure 
on  might  have  been  avoided,  89  ; 
experience  in,  6, 13,  89,  90 ;  failure 
to  fulfil  expectations,  89  ;  financial 
results  of  unsatisfactory,  12  ;  for 
agricultural  purposes  only,  13 ; 
in  British  India,  93 ;  Flanders, 
93  ;  Lombardy,  93 ;  Northern  Italy, 
93  ;  Piedmont,  93 ;  Spain,  93 ;  in- 
sanitary, 155 ;  involves  litigation, 
4  ;  land  and  expense  necessary 
to  meet  increase  of  population 
14  ;  land  suitable  for,  127,  143  ; 
likely  to  spread  disease,  102 ;  limited 
variety  of  crops,  20,  21 ;  money 
borrowed  for,  15 ;  necessity  for  ad- 
ditional land  for,  14,  15  ;  necessary 
to  defecate  sewage  previous  to,  10 ; 
neglect  of,  20;  not  practicable  in 
all  cases,  12,  98 ;  not  profitable, 
152  ;  not  satisfactory,  102  ;  nuisance 
caused  by,  141 ;  nuisance  from,  99, 
115 ;  nuisance  may  arise  from,  90  ; 
objection  to,  116  ;  objection  to  at 
Gennevilliers,  94;  odours  from, 
24,  99, 106  ;  opposition  to,  98  ;  other 
modes  than  recommended,  12  ;  pre- 
judice against,  12  ;  price  of  land 
for,  11 ;  produce,  difficulty  in  sale 
of,  12;  produce  from,  26;  profit 
from  anticipated,  97;  proportion 
of  land  for,  11,  15,  31,  90,  150; 
proposed,  13 ;  pumping  necessary 
for,  4  ;  recommended  only  where 
conditions  are  favourable,  98 ;  re- 
quires strict  attention,  91 ;  requisite 
quantity  of  land  for,  159  ;  Rivers' 
Pollution  Conomissioners"  view  of, 
89 ;  rules  for,  20, 92  ;  sanitary  aspect 
of,  21 ;  sewage  should  be  fresh  for, 
91 ;  skilled  supervision  necessary 
for,  20 ;  soil  for,  93 ;  suitable,  11, 
12 ;  suitable  only  in  hot  climates, 
94 ;  supervision  for,  99  ;  wet  land 
unsuitable  for,  156;  entertained 
and  abandoned,  158;  with  preci- 
pitation recommended,  10,  24, 
103 
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IRV 


MAG 


Irvine,'  179 
Irvine  Bay,  179 
Isleworth,  18i 
Italy,  93 


JOHNSTONE,  182 
Jones,  Colonel,  103 


EEMP  TOWN,  178 
Kendal,  13,  19,  28,  31,  112 
Kennet  river,  156 
Kew,  184 

Kidderminster,  14,  29,  32,  121 
Kingsbury,  73 
Kingston,  184 
Kingston-on-Thames,  159 


LALEHAM,  184 
Land,  application  of  sewage  to, 
89 ;  black  soil,  142  ;  choked  with 
sewage,  154 ;  choking  of,  10 ;  clay, 

105,  108,  111,  114,  119,  120,  125, 
132,  136,  137,  139,  140,  141, 
142,  146,  156;  cracks  in,  90; 
difficulty  in  obtaining,  129;  drain- 
age of,  103,  105,  109,  112,  122,  127, 
130,  140,  159;  draining  in  England 
required,  and  not  irrigating,  94 ; 
gravel,  &c.,  108,  109,  110,  114,  115, 

121,  124,  130,  134,  137,  139,  140, 
146,  154,  156,  160,  161  ;  high  price 
of,  15,  131 ;  insufficiency  of,  106, 

108,  113,  117,  129,  130,  143,  144, 
157 ;  limit  to  use  of,  23  ;  loam,  139, 
144,  146,  155,  156,  160,  161 ;  marl, 
141 ;  not  drained,  103  ;  owners,  co- 
operation of,  105 ;  preparation  of, 

109,  112,  118,  119,  120,  122,  125, 
127,    133,    136;    price    of,  105, 

106,  110,  111,  112,  118,  119,  120, 

122,  125,  127,  128,  130,  131,  133, 
135, 136,139,158, 161 ;  proportion  of 
for  sewage  farming,  90,  91,  92, 100  ; 
quantity  of,  mode  for  reducing,  102 ; 
reduction  in  quantity  of  for  precipi- 
tation, 36 ;  rental  of,  105,  107,  108, 
109,  110,  111,  114,  117,  120,  128, 
130,  133,  134,  135,  136,  139,  140 
141,  142,  143,  161;  sandy.  111,  112, 
114,  121,  124,  125,  137,  142,  154  ] 
suitable,  137;  suitable  for  filtra- 
tion, 114;  suitable  for  irrigation, 
156  ;  table  of  proportion,  31  ;  time 
that  it  will  take  sewage,  23 

Latham's  extractor,  33,  39,  117 
Lausanne,  101 


Lawes,  Mr.,  107 

Leamington,  14,  29,  32,  46,  84,  123 ; 

sewage,  analysis  of,  193 
Leckhampton,  106 

Leeds,  30,  50,  63,  68,  84,  159 ;  Clari- 
fying    Sewage     Company,     68 ; 
manure,  190 
•  Leek,  145 
Lee  Eiver,  26,  55,  80,  82,  85 ;  valley, 
4,  99 

Legal,  expenses,  106,  123,  125,  127, 
129,  131,  133  ;  weight  of,  14;  pro- 
ceedings,  120,  126,  129,  133,  170 

Leicester,  44,  70,  73,  79 ;  bricks,  70 ; 
sewage,  199 ;  analysis  of,  192 

Lenks'  process,  88 

Letheby,  Dr.,  10 

Leytonstone,  80 

Lichfield,  145 ;  Lord,  145 

Lime,  5, 57, 60, 62,  63,  87, 161, 168, 180 ; 
chloride,  85,  88,  161 ;  effluent,  85 ; 
milk  offish  killed  by,  86;  Higgs' pro- 
cess, 85 ;  hydrate  of,  88  ;  milk  of ,  81 ; 
phosphate  of,  65 ;  proportion  of,  72, 
83,  84;  sludge,  64;  sludge  of 
little  value,  85;  superphosphate, 
63 ;  treatment,  45,  55,  68,  69,  123, 
131, 144,  167,  181 ;  abandoned,  130; 
abandoned  on  account  of  cost  and 
sludge,  86;  clarifies  only,  81; 
complaints  against,  84,  85  ;  cost  of, 
86,  75  ;  failed  to  remove  dye,  84 ; 
failure  of,  72,  84  ;  fails  to  purify, 
82 ;  injunction  against,  85,  86 ;  in- 
sufficient, 9;  litigation  from,  85; 
nuisance  from,  84;  offensive,  81; 
secondary  decomposition  from,  83  ; 
sludge  objectionable,  81 ;  given  up, 
81,  83 

Liquid  manure,  90,  93 

Litchurch,  168 
Litigation,  4,  143 
Littleton,  184 

LiveriDool,  158  ;  sewers,  124 
Llandudno,  183 

Local  Government  Board,  3,  8,  11. 14 
19,21,23,26,89,42,  98  '   '     '  ' 
Lockwood,  Mr.,  177 
Lodge  farm,  54,  101 
Lombardy,  93 

London  sewage,  analysis  of,  192 

Long  Ditton,  184 

Long  Reach,  183,  185 

Long  ton,  124, 145 

Luton,  5,  63,  71,  80,  81,  83 

MAGNESIA,  63 
Magnesium,  salts  of,  63 
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MAI 

Maidenhead,  141 
Maiden,  185 
Malvern,  141 
Malvern  Link,  32,  142 
Man  river,  145 
Mansfield,  145 

Manilla,  94  ^ 

Manufacturing  refuse,  4 

Manure,  from  Bolton  sewage,  M.  &  C. 
process,  194 ;  from  Bradford  sew- 
age, lime,  199 ;  from  Coventry,  187, 
189  ;  difficulty  in  selling,  3 ;  from 
Leamington  sewage,  A.  B.  C.  pro- 
cess, 193  ;  from  Leeds,  190  ;  from 
Leeds  sewage,  Goodall's  process, 
198  ;  from  Leeds  sewage,  Hanson's 
process,  197 ;  liquid,  93 ;  not  pro- 
fitable, 3;  probability  of  markfet 
for,  39 ;  from  Tottenham  sewage, 
Campbell's  process,  198 ;  value  of, 
3, 6,  7, 8  ;  from  Wimbledon  sewage, 
Hille's  process,  196 

Marden,  185 

Margate,  stench  at,  175 

Marsden  and  Collins 's  process,  60 

Marseilles,  174;  deathlike  fatality 
of  port,  174 ;  pilots,  174 

Mayfield  print-works,  70 

Mechi,  Mr.,  90,  91 

Mediterranean,  174 

Medlock  river,  70 

Mersey,  The,  85 

Merthyr  Tydfil,  14,  16,  17,  19,  29,  32, 

125,  152 
Merton,  185 

Metropolis  Sewage  Company,  149  ; 
Metropolitan  Board  of  Works,  47 ; 

outfaU,  184 
Midden  stufi,  9 
Milan,  23,  94 

Milburn's  machines,  40,  64 
Miscellaneous  processes,  87 
Mismanagement,  20 
Mitcham,  185 

Molesey,  West  and  Bast,  184 
Morecambe  Bay,  170 
Morgan,  Mr.,  20,  101 
Mortlake,  184 

Morton,  Chalmers,  Mr,,  22,  147 
Moss  soil,  110 
Motherwell,  182 
Mottingham,  183 


N APLBS,  Bay  of,  174  ;  cloaca  of. 

Native  guano,  190;  company,  44; 
value  of,  40,  53,  193  ;  from  Leeds, 
192 


ros 

Neilston,  182 

Newcastle-under-Lyme,  84 
New  Cathcart,  182 
New  Eiver  Company,  5,  55,  82 
New  Shoreham,  88 

Northampton,  14,  15,  29,  32,  87,  128 ; 

sewage,  201 
Northumberland,  Duke  of,  158 
Norwich,  14,  29,  134 
Norwood,  91 ;  sewage,  202  ;  south, 

117 

Nottingham,  20, 161 
Nuisance,  10,  26 
Nuneaton,  36,  43 

OBJECTION,  sentimental,  to  sew- 
age, 4 
Ock  river,  156 
Odling,  Dr.,  189 

Odours  from  sewage  irrigation,  24, 

95,  99,  106 
Opposition,  4 
Ormesby,  North,  81 
Ormskirk,  142 
Orpington,  183 

Outfall  for  Thames  Valley  proposed, 
185 

Outfall  sewers,  11, 110, 126,  127, 129, 
131,  136,  140,  161,  176,  178,  179, 
181,  183 ;  become  converted  into 
cesspools,  178 ;  danger  to  in  pass- 
ing over  mineral  workings,  183; 
difficulties  of  ventilation,  183  ;  re- 
moval of  sludge  from,  183 ;  objec- 
tions to,  182 

Ova,  destruction  of,  10 

Over  Darwen,  84 

Oxford,  156 

Oxton,  85 

PAIL  stufE,  9 
Paisley,  182 
Paris,  94,  95  ;  sewage  of,  21,  94 
Park  Newydd  Farm,  127 
Peat  Engineering  and  Sewage  Fil- 
tration Company,  77,  166 
Penrith,  145 
Petersham,  184 

Phosphate,  monocalcic  and  dicalcic, 

63  ;  sewage  process,  54 
Phosphates,  use  of,  9 
Piedmont,  93 

Plympton  St.  Mary,  parish,  146 
Pollution  from  lime  treatment,  5 
Populations,  26 
Port  Glasgow,  182 
Portland,  Duke  of,  145 
Portobello,  177 
j  Posilipo,  174 
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PRE 

Precipitation,  3,  140;  advocates  of, 
97;  cost  of,  6,  29,  30 ;  efficiency  of, 
6 ;  experience  in,  6  ;  manure 
from,  26 ;  necessity  for,  102 ;  opinion 
of  Eivers  Pollution  Commission, 
Local  Government  Board,  and  So- 
ciety of  Arts,  7 ;  pumping  unneces- 
sary for,  4 ;  suitable,  33  ;  vnth  irri- 
gation, recommended,  10,  24,  103  ; 
works  not  difficult  or  costly  to 
enlarge,  15 

Prestbury,  106 

Price,  Dr.,  54 

Profit  not  to  be  looked  for,  11 

Prompt  separation  process,  171 

Prussiate  of  potash,  60 

Pumping,  1,  14,  44,  111,  114,  120, 
121,  134,  135,  136,  138,  140,  142, 
153,  155,  156,  158,  179,  185 ;  cost 
of,  44,  109,  110,  114,  123,  138,  140, 
142,  153,  155 ;  sevi^age  a  matter  of 
cost,  92 ;  station,  cost  of,  109,  114, 
121,  122,  123,  138,  140;  to  be 
avoided,  4,  11 


RAMSGATB,  nuisance  at,  176 
Eawlinson,  Mr.,  2 
Reading,  156 
Eedhill,  118 
Eeigate,  28,  32,  118 
Eenfrew,  182 
Richmond,  158, 184 
Eio  de  Janeiro,  174 ;  unhealthiness 
of,  174 

Rivalry  in  sewage  matters,  97 

Eivers,  means  of  purifying,  25  ;  non- 
purifying  effect  of,  6 ;  Pollution 
Act,  4,  24,  43  ;  Commissioners,  4,  6, 
16,  24,  26,  44,  89,  92  ;  experiments 
by,  107  ;  Protection  and  Manure 
Company,  64 ; 

Rivers  Purification  Association,  42 

Eoad  washings,  2 

Eomford,  32,  63,  142 

Rugby,  13,  28,  32,  107 ;  sewage,  201 

Eugeley,  146 

Eye  House,  144 


SAFFRON  Walden,  169 
St.  Leonards,  183 
St.  Mary  Church,  85 
Salmon  killed  by  sewage,  76 
Saltcoats,  182 
Sultley,  22,  73 
Sand, 146 
Sandstone,  141 
Scott,  General,  9 


.  SEW 
Screen  gorse,  170 

Sea,  action  on  sewage,  173  ;  cost  of 
discharging  sewage  into,  179  ;  dan- 
gers from  casting  sewage  into,  175 ; 
effluvium  from  sewage  cast  into, 
174 ;  outfall  into,  85 ;  sewage  cast 
into,  nuisance  from,  173,  182 ;  sew- 
age discharged  into,  25,  172 ;  cost 
of,  25,  26  ;  objections  to,  26 

Secondary  decomposition  from  lime 
treatment,  83 

Select  Committee  on  Sewage  of 
Towns,  3,  21,  23,  24 

Separate  system,  1,  138 

Sequestration,  133 

Sewage,  and  sea  water  will  not  mix, 
177  ;  application  of  to  land,  89;  by 
gravitation,  115,  185  ;  carried  in- 
shore by  currents,  173  ;  cereal  crops, 
quantity  for,  91 ;  cost  of,  26,  28 ; 
cast  into  sea,  cost  of,  179,  182  ; 
cast  into  sea,  danger  of,  175  ;  nui- 
sance from,  175  ;  dealt  with  fresh, 
3;  dilute,  82,  112,  128,  134;  dilu- 
tion of,  2,  81,  109,  114,  117  ;  dis- 
charged into  sea  probable  nuisance, 
182 ;  discharged  into  sea,  25  ;  dis- 
infection of,  4,  9, 10 ;  disposal ;  sani- 
tary aspect  of ;  engineering  ditto  ; 
chemical  ditto  ;  agricultiu-al  ditto  ; 
commercial  ditto  ;  economical 
ditto ;  local  circumstances,  96 ;  does 
not  force  early  vegetation,  101 ; 
domestic,  1 ;  manufacturing,  1 ;  dry 
and  wet  weatlier,  22 

Sewage  farms,  non-success  of,  116 ; 
not  profitable,  152 ;  not  satisfactory, 
102 ;  nuisance  caused  by,  99,  115, 
141;  odours  from,  24, 95, 99, 106 ;  pre- 
judice against,  130;  produce,  sale 
of,  109 ;  reported  insanitary,  139 ; 
require  special  management,  92 ; 
reqiiisite  quantity  of  land  for,  159 ; 
showing  considerable  loss,  114  ; 
showing  a  profit,  103  ;  should  be 
distant,  92 ;  should  be  economi- 
cally considered,  92 ;  showing  mo- 
derate loss,  105  ;  skill  requisite  for, 
101,  104  ;  spoken  well  of,  109 ;  that 
are  incomplete,  156  ;  where  enter- 
tained and  abandoned,  158  ;  where 
exceptional  circumstances  and  pri- 
vate assistance  are  favourable,  145  ; 
contemplated,  161 ;  carriers  on,  92 ; 
compensation  for  recovering  posses- 
sion of,  157 ;  conditions  favourable 
to,  113 ;  conditions  for,  99 ;  costly 
instance  of  136;  crops  grown  on, 
100 ;  difficulty  in  sale  of  produce. 
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129 ;  stocking  of,  130  ;  difficulties 
of,  100,  IIG,  138  ;  direction  of  from 
towns,  S)2  ;  disadvantages  of  letting 
on  lease,  22  ;  disease  attributed  to, 
95 ;  distance  from  towns,  92 ;  ex- 
penditure on  might  have  been  saved, 
93;  financial  result  of,  107,  113; 
for  populations  under  5,000,  139 ; 
from  which  partial  information 
only  is  published,  139 ;  good  in- 
stance of,  124 ;  health  not  affected 
by,  95 ;  if  large  enough,  92 ;  in- 
offensiveness  of   when  sewage  is 
fresh,  4 ;  insanitary  condition  of, 
99,  108,  118,  119 ;  where  the  agri- 
cultirral    element  has    been  the 
chief  consideration,  146 ;  renewal 
of  lease,  difficulty  of,  23,  115 
Sewage,  filtration  of,  18  ;  fungus,  9  ; 
gravitation,  108, 110, 117,  119,  127 ; 
in  bathing  ground,  176  ;  local  au- 
thorities should  Iseep  in  their  own 
hands,  23  ;  low  value  of  as  a  manure, 
98  ;  maniu-e,  value  of,  42  ;  must  be 
dealt  with  continuously,  92  ;  must 
be  dealt  with  at  cost  of  rates,  98  ; 
fresh,  92  ;  must  be  passed  through, 
and  not  over,  land,  23,  107,  121 ; 
night,  4  ;  no  profit  derived  from,  2, 
3,  98  ;  nuisance  from,  cast  into  sea, 
173  ;  objectionable  to  bathers,  173 ; 
of  Banbury,  201 ;  of  Barking,  201 ; 
of  Bedford,  202;    of  Blackburn, 
199 ;   of    Birmingham,    195 ;  of 
Croydon,    203 ;  of   Dantzic,    95 ; 
of  Edinburgh,  204 ;  of  Glasgow, 
cost  of  disjposing  of,  180  ;  of  Hert- 
ford, 200;  of  Leicester,  199;  of 
little  value,  89;  of  Leamington,  ana- 
lysis of,  193  ;  of  Leicester,  analysis 
of,  192  ;  of  London,  analysis  of,  192; 
of  London,  149  ;  of  Northampton, 
201  ;  of  Norwood,  202  ;  of  Paris,  94, 
95  ;  of  Eugby,  202  ;  of  Sta-oud,  ana- 
lysis of,  193 ;  of  Warwick,  203  ;  of 
Wortliing,  204  ;  pm-ified  at  cost  of 
rates,  2,  3  ;  price  paid  for,  115,  123, 
142,     147,    153;     produce,  26; 
prejudice  against,  101  ;  piimped, 
111,    114,    120,     121,    185;  pur- 
poses   iiniting    for,    183 ;  quan- 
tity suitable  for  grass,  90 ;  quan- 
tity suitable  for  land,  91 ;  removal 
of  solids  from,   81  ;  rivalry,  5  ; 
should  be  fresh,  91 ;  should  be  kept 
in  hands  of  authorities,  141 ;  speci- 
fic gravity  of,  172,  176;  straining 
of,  33  ;  suitable  for  few  crops  only, 
158;  fciimday,  4,  110  ;  treatment 


SUB 

according  to  local  circumstances, 
5  ;  by  combination  of  systems,  10  ; 
requires  one  system  as  much  aa 
another,  97 ;  reasons  for  non-pro- 
gress in,  97 ;  by  precipitation, 
progress  in,  181 ;  unsuitable  for 
irrigation,  90;  valuable  as  water, 
90 ;  will  not  mix  with  sea- water,  172 

Sewer  gas,  25,  175,  178,  183 

Sewers,  intercepting,179 ;  outfall,179 ; 
tunnel,  179 ;  under  the  Thames 
proposed,  184 

Shakespeai'e  Cliff,  Dover,  173 

Shepperton,  184 

Sherburne  river,  37,  40 

Shingle,  161 

Sillar,  Mr.,  44 

Sludge,  103,  105,  167, 178  ;  at  Coven- 
try, 35,  40 ;  at  Birmingham,  35  ; 
accumulation  from  lime  treatment, 
86,  131 ;  deposit  of  in  outfall 
sewers,  178 ;  deposited  on  sea 
shore,  173 ;  disposal  of,  34 ;  forti- 
fication of,  9,  42  ;  from  lime,  35 ; 
from  lime  objectionable,  81 ;  from 
lime  of  little  value,  85  ;  lime,  value 
of,  46,  80 ;  lime,  bulk  of,  74,  76 ; 
probability  of  market  for,  9  ;  uses 
of,  35  ;  value  of,  7,  34,  187 

Smee,  Dr.,  20,  116,  177 

Social  Science  Congress,  63 

Society  of  Arts,  2,  6,  11,  23,  24 

Soda,  60 ;  sulphate  of,  62 

Sodium,  sulphide  of,  67 

Southam,  169 

Southampton,  49 

Soiithborough,  71,  85 

South  Molton,  146 

So  we  river,  37 

Spain,  93 

Springfield,  153 

Stafford  jail,  32,  159 

Staines,  184 

Standards  of  purity,  24 

Stanwell,  184 

Steyne,  Brighton,  176 

Stocking  sewage  farms,  22 

Stoke  upon  Trout  workhouse,  166 

Storm  wat  er,  1,  103,  138 

Stothert's  process,  57 

Strainer  of  perforated  iron,  169 

Strainers,  165,  170 

Straining,  33 

Straw  plait,  80 

Street  refuse,  2 

Stroud,  56  ;  sewage  analysis  of,  193 
Subsidence,  103,  105,  111,  112,  121, 

129,  132,  134,  137,  141,  165,  166, 

167,  169,  170 


Index. 


213 


SUL 

Sulphated  clay,  56 
8iilpliiiret:tccl  hyckogen,  175 
Simbm-y,  184 

Supervision,  skilled,  necessary,  20 
Surbiton,  184;  Improvement  Com- 
missioners, 184,  185 
Sutherland,  Duke  of,  124,  145 
Sutton,  185 
Swaffham,  143 

Swindon  New  Town,  29,  32,  135 ;  Old 

Town,  143 
Swinton  and  Pendlebiiry,  146 


TABLES  of  cost,  &c.,  27 
TafE  river,  126 
Tanks,  111,  112,  121,  123,  129,  131, 
132,  134,  136,  137,  141,  142,  146, 
158,  165,  166,  167,  170 
Taunton,  59 
Tavistock,  144 
Taylor,  Dr.,  9 
Teddington,  184 
Tewkesbury,  170 
Thames  Ditton,  184 
Thames,  outfall   into   proposed  for 
Thames  valley,  185 ;  valley,  precipi- 
tation for  sewage  of,  186;  valley, 
184 

Thames,  the,  156,  183  ;  Conservancy, 
159 

Thornliebank,  182 
Thornton  Heath,  185 
Tides,  179 
Torquay,  85,  183 

Tottenham,  48,  59,  64,  65,  70,  85,  88 ; 

sewage  guano,  70 
Tranmere,  85 

Tunbridge  Wells,  14,  29,  32,  137 
Twickenham,  184 
Typhoid  fever,  101 

ULVERSTON,  170 
Unhealthy  state  of  ports  where 
sewage  has  been  cast  into  sea,  174 
Uniting  for  sewage  purposes,  183 
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